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(54) ANTIBODY LIBRARY 



(57) An antibody library is prepared by selecting a 
light chain variable region capable of binding to the var- 
iable region of heavy chain to reproduce an active con- 
formation and using the same. Because of being capa- 
ble of maintaining the diversity of the heavy chain vari- 



able region at a high ratio in vitro, the antibody library of 
the present invention is expected as enabling the acqui- 
sition of antibodies with various binding activities. 
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Description 

Technical Field 

5 [0001] The present invention relates to an antibody library comprising DNAs encoding antibody variable domains. 
Background Art 

[0002] The animal body has the ability of producing antibodies specifically recognizing and binding to various struc- 

'0 tures (epitopes) on the surfaces of various foreign agents invading into body fluids. The size of antibody repertoire (the 
total number of antibody types having distinct amino acid sequences binding to different types of antigens) of an animal 
individual has been estimated to be approximately 1 to 1 00 millions. The enonnously large antibody repertoire is owing 
to DNA rearrangements of heavy chain VH-D-JH and light chain VL-JL on the antibody locus during differentiation of 
bone marrow stem cells into antibody-producing B lymphocytes. This event of DNA rearrangement occurs independ- 

15 ently in each B cell. Thus, a single B cell that has a pair of VH-D-JH and VL-JL genes produces only a single type of 
antibody. However, a collection of entire B cells in an individual can produce various types of antibodies. 
[0003] The techniques of antiserum preparation and monoclonal antibody preparation by using cell fusion, both of 
which have been utilized in the prior art, are based on the antibody-producing mechanism of animal body. Specifically, 
an antigen substance is injected in combination with an adjuvant into an animal (rabbit, goat, mouse, etc.) several 

20 times at a certain intervals of time. When tlie animal immune system recognizes the substance as a foreign one, a B 
cell that expresses an antibody binding to the antigen substance is stimulated for growth and differentiation, and thus 
a large quantity of the antibody is initiated to be secreted into the body fluid. Since there may be various structures on 
the surface of an antigen substance, even if it is a purified antigen, actually, the secreted antibody binding to the antigen 
Is not a single type but a mixture of various types of antibodies. A serum containing such an antibody mixture (antiserum) 

25 is called "polyclonal antibody". Polyclonal antibodies have been used as useful reagents for research, However, pol- 
yclonal antibodies which are reactive to their target antigen substances are often cross-reactive to some molecules 
having partly similar structures to the target antigen molecules. Such cross reactivity has been problematic, when a 
polyclonal antibody is used as a reagent for detecting an antigen. 

[0004] The cell fusion technology was established and changed the situation completely. There are many B lym- 
30 phocytes producing antibodies binding to an antigen substance in the spleen In an animal immunized with the antigen. 
However, it is difficult to culture and keep such cells alive permanently in vitro. Then, an Idea was conceived that 
antibody-producing cells, which proliferate permanently, could be established by preparing hybrid cells obtained by 
fusing cells of a tumor cell line and antibody-producing cells; such a method was established eventually. Since a fusion 
cell line (hybrldoma) thus established Is derived from a single antibody-producing cell and a single tumor cell, the 
35 antibody produced by the cell consist of a single type antibody; thus, the antibody is called "monoclonal antibody". This 
technology was established by Kohler and Mllstein in 1975. A monoclonal antibody Is a collection of homologous 
antibody molecules. Thus, monoclonal antibodies have been used as highly specific antibodies with less cross-reac- 
tivity. However, it has been pointed out that this method has the following problems that: 

40 (1 ) it is required to prepare a large amount of purified sample of antigen substance; 

(2) the substance must be antigenic In an animal to be Immunized with It; and 

(3) a great expenditure of time and effort Is required to establish a monoclonal antibody. 

[0005] An enormous number of useful antibodies have been provided by using the technologies for producing pol- 
45 yclonal and monoclonal antibodies, giving proof of the usefulness of the technologies. However, it is also true that there 
remain many difficult problems to be solved with respect to these methods. For example, these methods cannot meet 
the demand of preparation of antibodies against various antigens in a short time or of selectively preparing antibodies 
binding specifically to epitopes having special structures. It has been awaited to establish a method for preparing an 
antibody library comprising various antibody molecules, which ensures to isolate desired antibodies in a short time. 
50 Theoretically, the number of antibody types in such an antibody library must be comparable to the size of antibody 
repertoire in the animal body. Actually, however, it is impossible to prepare such an enormous library from animal cells. 
Monoclonal antibody preparation is nothing but screening of a library of antibody-producing cells derived from the 
animal body to obtain antibodies having desired reactivity. However, the repertoire in the library Is greatly reduced 
during cell fusion or other processes. 
55 [0006] Then , a method has been proposed, which comprises an E. co// expression system for antibody genes. Better 
et al., and Skerra and Plukthun have succeeded for the first time in expressing antibodies having antigen-binding 
activity in E. co// (Better, M., Chang, C. P., Robinson, R. R., Horwitz, A. H., Science 1988, 240:4855 1041-3; Skerra, 
A., Plukthun, A., Science 1 988, 240:4855 1 038-41). They attached a sequence serving as a secretory signal in E. coli 
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to the N-terminus of antibody; thus, Fab-type and Fv-type antibodies were successfully produced and secreted by E. 

coli. 

[0007] Further, immediately after being established in 1988, the PGR technology was utilized to amplify genes en- 
coding antibody variable domains. Primers sequences to amplify all types of VHDJH and VLJL genes expressed in 

5 the animal body (particularly, human) were proposed (Orlandi, R.etal., Proc. Natl. Acad. Sci. USA. 1989, 86:10 3833-7; 
Sastry, L. et al., Proc. Natl. Acad. Sci. USA. 1989, 86:15 5728-32). Then, vectors for producing antibodies in E. coli 
were constructed by using antibody genes amplified with theses primers (Huse, W. D. et al.. Science 1989, 246:4935 
1275-81 ; Ward, G. E. etal., J. Clin. Microbiol. 1989, 27:12 2717-23). At this stage, the repertoire size of antibody library 
was greatly increased. However, it was difficult to screen trace amounts of antibodies produced in E. coll using their 

10 antigen-binding activities as indices. Efficient screening awaitedthe application ofthephage-display method to antibody 
library preparation. 

[0008] The phage-display method was devised by Smith in 1 985 (Smith, G. P., Science 1 985, 228:4075 1315-7); the 
method comprises using filamentous bacteriophage, such as IVIIS phage, containing single-stranded circular DMA. 
The phage particle comprises cp8 protein that is a major protein of the phage particle, enveloping its DMA, and five 

15 molecules of cp3 protein functioning at the time of phage infection to E. coll. In the phage-display system, a fusion 
gene is constructed to encode a polypeptide linl<ed to the protein cp3 or cpB, and the fusion protein is expressed on 
the surface of phage particle. Such a phage particle carrying the protein with binding activity on the surface can be 
enriched based on the binding activity to its ligand. This method for enriching DNA of interest is called "panning". 
Enriched phages contain DNA encoding the protein having desired binding activity in their particles. The use of such 

20 filamentous phages as described above allowed the establishment of a system where screening based on the binding 
activity and DNA cloning can be carried out with high efficiency (Published Japanese Translation of International Pub- 
lication No. Hei 5-508076). A method using a filamentous phage library has been reported, where antibodies can be 
expressed as Fab-type molecules (Published Japanese Translation of International Publication No. Hei 6-506836). In 
this report, the method comprises fusing the variable region with cp3 or the like whose N-terminal portion has been 

25 deleted. 

[0009] The phage-display system was used for producing antibodies; antibody consisting of the VH domain alone, 
or scFv-, Fv-, or Fab-type antibody was expressed as a fusion with cp3 or cp8. The phage antibody binding to an 
antigen also comprises the antibody-encoding gene. However, antibodies, which were isolated from the antibody library 
at the very beginning using the phage-display system, often had only lower antigen-binding affinity. A method com- 

30 prising artificially introducing mutations into genes was proposed to enhance the binding activity. Winter etal. provided 
an antibody library, from which high-affinity antibodies can be obtained, which contained antibodies having the semi- 
artificial sequences which were prepared by inserting random sequences between all pairs of VH or VL gene and JH 
or JL gene isolated (Nissim, A., Winter, G. et al., ElVIBO J. 1994, 13:3 692-8). De Kruif et al. also prepared an antibody 
library based on essentially the same principle (de Kruif, J., Boel, E., Logtenberg, T, J. IVIol. Biol. 1995, 248:1 97-105). 

35 Vaughan etal. producedasufficiently large antibody repertoire by expanding the library size (Vaughan,T. J. etal., Nat. 
Biotechnol. 1996, 14:3 309-14). Such strategies were indeed successful with respect to some limited types of antigens. 
However, even with such strategies, the probability of isolating desired antibodies still remains unsatisfactorily low. For 
example, even with currently available techniques, it is impossible to construct a human antibody library from which 
desired antibodies can be Isolated with a probability comparable to that in the isolation of desired monoclonal antibodies 

40 using mice. Thus, a library consisting of more variations of antibodies is demanded. 

[0010] An in vitro system faithfully mimicking the human's antibody-producing process Is ideal to isolate antibodies 
binding specifically to various antigens from an in vitro constructed library perfectly containing all types of human 
antibodies. The antigen-binding moiety of an antibody is located within the complementarity determining regions (here- 
inafter abbreviated as "CDR"), I, II, and III (six regions in total) of the variable (V) domains at the N-terminal ends of 

45 both chains H and L. The total number of amino acid sequence variations of the CDRs (including length variations) 
can be assumed to reflect the antibody repertoire size. 

[0011] With respect to the antibody repertoire, it is necessary to consider both "naive repertoire" before antigen 
invasion into the body and "antibody maturation" after antigen invasion. The active antibody gene encoding an antibody 
is created via DNA rearrangement. There are two classes of light chains: X chain and k chain; the gene encoding its 

50 V domain consists of VL gene and JL gene. There are 36 types of V^ genes and 7 types of J X genes for the X chain. 
During differentiation into B cell, the VL-JL gene is created via DNA cleavage and rejoining in the vicinity of VL gene 
and JL gene of k chain or X. chain for the light chain. In most cases (two third) , the segment of amino acids at 1st to 
96th Is derived from the VL gene and another segment of amino acids at 97th to 110th from the JL gene. However, 
after DNA cleavage, an exonuclease digests short portions of the DNA ends to be ligated, and then V(D)J DNA re- 

55 combinase (recombinases) rejoins the DNAs. This may result in differences of approximately ±3 amino acids In the 
size of the VL domain encoded by the VL-JL gene. In the light chain, CDR1 corresponds to amino acids at 24th to 
34th; CDR2, amino acids at 50th to 56th; CDRS, amino acids at 89th to 97th. Thus, for the X chain, the total number 
of variations due to their combinations can be calculated by; (the number of VA, genes) x (the number of JA, genes) x 
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(the total number of gaps). However, the actual size of Vl-Jl gene repertoire is smaller than 200 at the highest estimate. 
Because the JI genes carry similar sequences to one another, and 67% of gaps at the junctions are constant and the 
remaining 27% or more fall within +1 . The situation with regard to the k gene is similar to that with X gene. The total 
number of Vk genes Is 37; the total number of Jk genes Is 4. Thus, the size of Vk-Jk gene repertoire Is also smaller 

5 than 200. 

[0012] The diversity in the light chain variable region is relatively low, but the diversity in the heavy chain variable 
region considerably larger. CDR1 (amino acids at 31st to 35th) and CDR2 (amino acids at 50th to 65th) are encoded 
by any one of 36 types of VH genes, and consequently the variety in this region is not so large. However, CDR3 
produces enormous variations. CDR3 is positioned between CDR1 andCDR 2 of the two chains H and L in theantigen- 

10 binding moiety of an antibody. Heavy chain CDR1 , CDR 2, and CDR 3 comprise about 60% and the light chain com- 
prises about 40% of the whole surface area of the antigen-binding moiety. With respect to the portion excluding heavy 
chain CDR3, the repertoire size is estimated by: the number of light chain variations (several hundreds at the maximal 
estimate) x the number of heavy chain CDR1 and 2 variations (36) = approx. 1 0,000. Heavy chain CDR3 is encoded 
by a separate gene, which is called "D gene"; there are 26 types of D gene variations. Two types of DNA rearranging 

15 events, namely D-JH recombination and VH-D recombination, produce VH-D-JH and thus the CDRS-encoding region 
Is completed. 

[0013] It should be noted that the DNA rearrangement comprises the following processes: 

(1) DNA cleavage at positions Immediately adjacent to thesignai sequences in thevicinity of VH, D, and JH genes; 
20 (2) Digestion of DNA at its terminal portions by exonuciease; 

(3) Insertion of a random sequence (referred to as N) by terminai transferase; and 

(4) DNA repair and ligation. 

[001 4] In the above-mentioned process (2), larger variations are produced for the heavy chain than for the light chain. 

25 Further, the presence of process (3) is a more notable difference; light chain rearrangement has no such process. 
Heavy chain CDR3 (corresponding to amino acids at 95th to 102nd) is a region located between cysteine at residue 
92nd and tryptophan at residue 1 03rd. The length of the region is altered ranging from 5 to 20 amino acids or more, 
and the sequence is also highly diverse in the region. These specific features produce an enormous number of varia- 
tions of CDR3, the sequence of which, in effect, is different in every B cell differentiated independently 

30 [0015] The DNA rearrangements of heavy chain VH-D-JH and light chain VL-JL in the antibody locus during B cell 
differentiation is independent of the presence of antigen. An entire population of antibodies produced by total B cells, 
each of which expresses a pair of VH-D-JH and VL-JL genes, is referred to as "naive repertoire of antibody". After 
antigen Invasion, cells expressing antibodies capable of binding to antigens are stimulated for growth and differentia- 
tion. While secreting antibodies, B cells are subjected to mutations frequently in the variable region gene (VH-D-JH, 

35 VL-JL) encoding the antibody. B cells producing antibodies whose binding affinity for antigens is increased by the 
introduced mutations survive as memory cells while secreting the antibodies of high performance. This process is 
referred to as "antibody maturation". The mutational event plays the most important role in this process. Any antigen 
specificity that is not criginally present in the naive antibody repertoire is never newly generated through the introduction 
of mutations. Accordingiy a mechanism, by which clones having antigen specificities that are absent in the naive 

40 repertoire should be eliminated, is required to construct an antibody library in vitro which mimics the in vivo process 
of antibody production. 

[0016] Problems on preparing antibody libraries in vitro are listed below. 

(1 ) After each antibody gene is expressed, for example, in E. coiion a large scale, the heavy chain and light chain 
45 variable domains of the gene products hold togetherto an antibody molecule though protein folding. Clones, whose 

gene products fail any of these processes and thus are incapable of fonning the exact immunoglobulin conforma- 
tion, are of no use. 

(2) In vivo, a complex formed from a pair of heavy chain variable domain and light chain variable domain exhibits 
unique antigen specificity in each cell; in vitro, it is necessary to construct a library by combining separately prepared 

50 libraries for the populations of heavy chain variable domains and light chain variable domain. For example, when 

a B cell population contains 10,000 types of cells, theoretically, the entire variations can be covered by a library 
at least consisting of: (1 0,000 types of the heavy chain variable domains) x (1 0,000 types of the light chain variable 
domains) = 100 millions in total. As the number of combinations is increased, the library size indeed becomes 
larger, but the percentage of clones of inactive antibodies is also increased in the library. 

55 (3) When human blood is used as an antibody gene source, the expression profile of antibody genes of each 

person may have a significant bias depending on his/her immunological history. 

[0017] All of the above-listed three problems are involved in the causes of biased library repertoire. Namely, these 
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result in unfavorable gaps between the theoretical and actual numbers of cloned in a library: the number of types of 
functional phage antibodies in a library prepared actually is markedly reduced as compared with the number of theo- 
retically estimated clones in such a library. 

[001 8] IVIore specifically, a library may comprise clones whose distribution is highly biased when the immune response 
5 against a specific antigen is enhanced. Alternatively, an antibody library prepared may contain many clones encoding 
antibodies having only insufficient antigen-binding activity. For example, when 50% each of light chain variable region 
genes and heavy chain variable region genes encode active antibody molecules, the probability that a combination of 
the two domains produces an active antibody is only 25%. 

[0019] Such libraries have many problems in addition to one that the actual repertoire size is far smaller than the 
'0 theoretical size. For example, antibody molecules having only weak antigen-binding activity interfere with immunolog- 
ical reaction on screening. Specifically, antibody-antigen complex formation is an equilibrium reaction; when clones of 
minority population coexist with those of majority population, the majority may overwhelm the minority in spite of the 
difference in the antigen-binding affinity. 

[0020] In addition, the presence of clones encoding inactive antibodies can be an obstacle in cloning. Namely, as 
15 the number of clones encoding inactive antibodies is larger, the probability that the population include clones prolifer- 
ating very rapidly becomes greater. Such clones growing rapidly are preferentially selected during screening, and thus 
may cause a considerably high background. 

[0021] A problem of previously reported libraries Is that it Is hard to estimate how many effective clones are actually 
present In the libraries, It is thus Impossible to evaluate the efficiencies of library and screening. 

20 

Disclosure of the Invention 

[0022] An objective of the present invention is to provide an antibody library containing antibody molecules having 
functionally active conformation at a high rate. Another objective of the present invention is to provide such an antibody 
25 library, a method for producing the antibody library, and screening method using the antibody library. Still another 
objective of the present invention is to provide a method for isolating genes encoding immunoglobulin light chains 
ensuring antibody molecules having the functional active confonnations. 

[0023] The present inventors strenuously studied on factors obstructive to screening a known antibody repertoire 
for desired antibodies. Then, they conceived that the abundance ratio of antibody molecules having functionally active 
30 conformation in the repertoire is too small to isolate useful antibodies from antibody libraries known to those skilled in 
the art. Various ideas have been proposed to establish previous methods for producing antibody libraries known to 
those skilled in the art; the goal is to construct antibody libraries in vitro faithfully mimicking the In vivo antibody reper- 
toire. 

[0024] In some instances, methods even comprise introducing artificial mutations at random to increase the number 
35 of antibody variations. However, in most of such attempts, antibody molecules having functionally active conformation 
were indeed produced, but antibody molecules having only insufficient activity were also produced. Thus, an antibody 
library constructed according to any one of previous method has an antibody repertoire containing antibodies of no 
use in vivo and many inactive antibody molecules, which can result in unsuccessful screening for functionally active 
antibodies. For example, it is assumed that a library is prepared by combining independent 10^ clones for the light 
40 chain variable region gene with 10^ clones for the heavy chain variable region gene. The numberof variations of heavy 
chain variable region gene is sufficiently large. However, when there are many inactive genes in the variations given 
for the light chain variable region gene, a part of variations for the heavy chain variable region gene are eliminated 
during screening because their products cannot acquire the activity as the immunoglobulin. 

[0025] The living body has the mechanism of selective growth of clones producing antibodies having high reactivity 
45 as well as the mechanism of producing various types of antibody molecules at random. Not only the step of eliminating 
inactive antibodies but also the step of increasing antibody variations is required to precisely mimic the in v;Vo antibody 
repertoire in vitro. 

[0026] In this background, the present inventors predicted that antibody isolation could be achieved more efficiently 
by increasing the abundance ratio of functional antibody molecules in the antibody library. To meet this goal, it is 
50 necessary to identify the cause of the generation of inactive antibody molecules in antibody libraries known to those 
skilled in the art. The present inventors focused on the role of the light chain in the maintenance of antibody activity. 
First, they established a method for screening for the light chain allowing the fonnation of functionally active confor- 
mation in an antibody molecule. 

[0027] Further, the present inventors carefully analyzed the structures of the selected light chain variable region 
55 genes by the above-mentioned method, and then found that the use of only light chain variable region genes having 
limited structures enabled to construct an antibody library containing antibody molecules having functionally active 
conformation at a high rate; thus the present invention was completed. There may be the possibility that the size of 
antibody repertoire is reduced during the step of selecting light chain variable region genes. However, the present 
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inventors carefully analyzed the structures of the light chain variable region genes selected according to the selection 
method of the present invention, and then found that the number of structures of the light chains capable of forming 
functionally active conformation when combined with the heavy chains fell within a limited range. In the present inven- 
tion, it was clarified that such structures of the light chains constituting functional antibody molecules could be included 

5 within a particular range of repertoire; the most striking feature of the present invention is thus the use of these light 
chain genes in library preparation. Namely, the present invention relates to a method, which comprises the steps 
described below, for preparing an immunoglobulin gene library, rgdp library based on this library, and a method for 
screening these libraries for genes encoding antibodies recognizing specific antigens. The present invention also pro- 
vides a method, which comprises the steps described below, for selecting genes encoding light chains capable of re- 

10 holding functionally active conformation with the heavy chains. 

[I] A method for preparing a gene library comprising combinations of light chain variable region genes and heavy 
chain variable region genes of immunoglobulin, the method comprising: 

15 (a) selecting light chain variable region genes encoding light chain molecules capable of re-holding functionally 

active confomiation with an expression product of the heavy chain variable region genes; 

(b) constructing a gene library which is a collection of the light chain variable region genes obtainable in step 

(a); and 

(c) combiningthelibraryobtalnableinstep(b)withalibraryof genes encoding the heavy chain variable regions. 

20 

[2] The method according to [1 ], wherein libraries of heavy chain variable region genes which have been prepared 
separately for each VH family in step (c) are combined together in accordance with the in vivo ratio of the respective 
VH families. 

[3] The method according to [1], wherein the gene libraries in step (c) are combined in a single vector 
25 [4] The method according to [1], wherein the method further comprises the following step: 

(d) selecting clones expressing the heavy chains using, as an index, a labeled peptide fused with the heavy 
chain variable regions. 

30 [5] A gene library that is obtainable by the method according to [1]. 

[6] A gene library comprising at least genes encoding light chain variable regions of immunoglobulin, wherein 
genes encoding light chain variable regions incapable of re-holding functionally active conformations with immu- 
noglobulin heavy chain variable regions have been substantially eliminated from the gene library. 
[7] The library according to [6], wherein the library has been combined with a library of genes encoding the heavy 

35 chain variable region. 

[8] The library according to [7], wherein each VH-family gene library for heavy chain variable region contains clones 
enough to cover in vivo diversity. 

[9] The library according to [6], wherein the genes constituting the library have been Introduced into a host cell 
selected from the group consisting of bacterium, yeast, and plant cell. 
40 [1 0] The library according to [6], wherein the genes constituting the library have been introduced into mammalian 

cells. 

[II] The library according to [6], wherein at least a part of the genes constituting the library has been introduced 

into filamentous phages. 

[12] The library according to [11], wherein fragments of the heavy chain variable region and light chain vanable 
45 region encoded by the genes constituting the library are displayed on the surface of filamentous phages and re- 

hold a functionally active conformation. 

[1 3] The library according to [1 2], wherein a gene encoding a labeled peptide has been fused with the heavy chain 
variable region. 

[14] The library according to [6] , wherein the immunoglobulin light chain variable region gene is derived from 
50 human. 

[15] The library according to [14], wherein an immunoglobulin light chain hypervariable region comprises an amino 
acid sequence without cysteine residue. 

[1 6] A rgdp library, wherein each clone constituting the gene library according to [5] includes an antibody protein 
encoded by the gene in the clone. 
55 [17] An antibody library that comprises antibody proteins encoded by the genes in the respective clones constituting 

the gene library according to [5]. 

[18] A method for selecting genes encoding light chain variable region capable of re-holding functionally active 
conformation with the heavy chain variable region, the method comprising: 
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(a) obtaining one or more genes encoding tine light chain variable region; 

(b) obtaining a gene encoding the immunoglobulin heavy chain variable region, wherein it is confirmed that 
the heavy chain variable region re-holds functionally active conformation with the light chain variable region; 

(c) selecting arbitrary oneof the genes encoding light chain variable regions obtained in step (a), and translating 
the selected gene into a protein under a condition ensuring the re-holding of functionally active conformation 
of immunoglobulin with the heavy chain variable region encoded by the gene which has been obtained in step 
(b); 

(d) detecting the formation of an antigen-binding moiety in the protein translated In step (c); and 

(e) selecting a gene encoding the light chain variable region constituting the protein in which the formation of 
an antigen-binding moiety has been detected. 

[1 9] The method according to [1 8], wherein the method further comprises the following step: 

(f) determining the nucleotide sequences of the light chain variable region genes, comparing the amino acid 
sequences encoded by the nucleotide sequences with each other, and eliminating genes encoding identical 
amino acid sequences and genes encoding deleted amino acid sequences. 

[20] The method according to [1 8], which comprises expressing the light chain variable region of immunoglobulin 
on the surface of filamentous phage. 

[21] The method according to [18], which comprises using, as a sample containing the light chain to be used in 
step (c), the culture supernatant of a host microorganism infected with phagemid into which a gene encoding the 
light chain variable region of immunoglobulin and a gene encoding the heavy chain variable region have been 
inserted. 

[22] A method for detecting an immunoglobulin variable region that binds to a particular antigen, the method com- 
prising: 

(a) contacting the antigen with the library according to [5] or [7] or with an expression product of the library 
under a suitable condition for antigen-antibody reaction; and 

(b) detecting the binding between the antigen and the immunoglobulin variable region. 
[23] The method according to [22], wherein the library is the library according to [12]. 

[24] A method for isolating a immunoglobulin variable region that binds to a particular antigen, the method further 
comprising carrying out the following step after practicing the method according to [22] : 

(c) selecting a clone expressing the immunoglobulin variable region which binds to the above-mentioned an- 
tigen. 

[25] The method according to [24], wherein the method further comprises the following steps: 

(d) preparing a secondary library by amplifying phage clones selected in step (c); and 

(e) repeating steps (a) to (d) for the secondary library until the recovery rate of clones selected in step (c) is 
elevated. 



[26] A clone or Immunoglobulin fragment isolated by the method according to [24], or a gene encoding the same. 
45 [27] A polynucleotide comprising any one of the nucleotide sequences of SEQ ID NOs: 61 to 78. 

[28] A protein comprising any one of the amino acid sequences of SEQ ID NOs: 79 to 96. 
[29] A kit for preparing an antibody library, the kit comprising the following: 

(a) a light chain variable region gene library from which genes encoding light chain variable regions incapable 
50 of re-holding functionally active conformation with heavy chain variable regions have been substantially elim- 
inated; and 

(b) a set of primers with which the genes encoding the heavy chain variable region can be amplified. 
[30] A method for preparing an antibody library, the method comprising: 

55 

(a) introducing a gene encoding a region containing at least a variable region of immunoglobulin into phagemid; 

(b) infecting a host microorganism with the phagemid obtained in step (a); and 

(c) recovering, as an antibody library, the culture supernatant of the host microorganism of step (b) without 
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infecting helper pliage. 

In addition, the present invention relates to a method for preparing antibodies recognizing the pathogens 
described below. 



5 [31] The method according to [24], wherein the antigen is an antigen derived from a pathogen. 

[32] A method for preparing an antibody having activity of neutralizing a pathogen, the method further comprising 
carrying out the following step (f) after practicing the method according to [24] : 

(f) evaluating an antibody variable region selected in step (c) for the activity of neutralizing the pathogen and 
to selecting an antibody variable region having neutralizing activity. 

[33] The method according to [31], wherein the antigen derived from a pathogen is an antigen selected from the 
group consisting of influenza virus HA antigen, diphtheria toxin, tetanus toxin, and varicella virus-derived glyco- 
protein. 

15 [34] The method according to [31] , wherein the following step (a') Is practiced before step (a) : 

(a') contacting the library with an antigen for absorption and removing antibodies bound to the antigen for 
absorption from the library; 

20 wherein the antigen for absorption refers to an antigen 

which derived from the same pathogen from which the above-mentioned antigen is derived and 
antibodies reactive to which Is undeslred to be Isolated. 
[35] Use of the library according to [12] for preparing a neutralizing antibody against a pathogen. 



25 [0028] As used herein, "Immunoglobulin" refers to every type of immunoglobulin molecule consisting of heavy chain 
and light chain regardless of types of antibody class and animal species. The "immunoglobulin" also Includes a fragment 
consisting of a domain capable of binding to an antigen and a chimeric antibody which is composed of multiple immu- 
noglobulin domains derived from two or more animal species. In general, mammalian genes encoding the heavy chain 
variable region have been categorized Into several VH families based on the structural features of the gene. For ex- 

30 ample, the human genes have been categorized Into 7 families of VH1 to VH7. Members of the respective families 
contain nucleotide sequences highly conserved between the families. Based on the highly conserved sequences, PCR 
primers have been designed to amplify the members of each family. Like the heavy chains, the light chain variable 
domains can be categorized Into several families based on the structural features. 

[0029] A gene encoding the heavy chain variable region is consists of three classes of genes, namely V (variable), 
35 D (diversity), and J (Junction). Each gene class V, D, or J comprises multiple genes; random combinations of these 
genes and introduction of mutations result In the antibody diversity. On the other hand, the light chain variable region 
consists of two classes of genes V and J. Combinations of multiple gene classes and introduction of mutations results 
in the diversity of the light chain variable region as well as the heavy chain variable region. 

[0030] The term "library" is used herein, which refers to a collection comprising a repertoire of various components. 

40 Gene library, antibody library, and phage library are composed of genes, antibody molecules, and phages orphagemids, 
respectively. When an antibody gene in a phage genome is expressed on the surface of phage particle, such a gene 
library Is an antibody library. However, as used herein, the term "phage library" also refers to a library of phage on 
which antibody molecules are not expressed. Specifically, cells of host microorganism infected with phagemid and 
lysogenized phages containing a genome carrying genes encoding the antibody variable region are also referred to 

45 as "phage library". 

[0031] Further, the term "rgdp library" (replicable genetic display package library) is used herein. The rgdp library 
refers to a library comprising genes and the expression products of the genes displayed on the surface. When members 
of the above-mentioned phage library express antibody proteins on the surface of phage particles, the library Is an 
rgdp library. Such rgdp libraries Include a library comprising transfonned cells expressing foreign proteins on their 

50 surface or ribosomes in addition to the phage library. 

[0032] Further, the term "conformation" is used herein. As described above, immunoglobulin is a complex formed 
by holding of heavy chain and light chain. The conformation refers to the resulting structure of the complex through 
the heavy chain-light chain association. Basically, the confonnation is established by disulfide bonding in the constant 
region. However, such an immunoglobulin does not always acquire antigen-binding activity. In the present invention, 

55 when a certain immunoglobulin has antigen-binding activity, one can state that the conformation of the immunoglobulin 
is functionally active. When a heavy chain which forms a functionally active conformation in combination with a certain 
light chain forms a functionally active conformation in combination with another light chain, then the association of the 
two is particularly referred to as "re-holding". Another light chain which constitutes re-holding includes a light chain 
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isolated as a separate clone from an identical cell. Further, as used herein, "re-holding of conformation" basically refers 
to the re-holding of a region required for the binding of immunoglobulin to an antigen. Thus, it is assumed that the 
functionally active conformation is re-holded when the molecular structure in the variable region is re-holded as an 
immunoglobulin molecule regardless of the presence of constant region. Further, it is assumed herein that the func- 

5 tionally active conformation is formed when the re-holding is achieved in the variable region, even if artificial nucleotide 
sequences have been inserted in the genes encoding the light chain and heavy chain or even when genes encoding 
phage proteins have been fused with the immunoblobulin genes. More specifically, as used herein, the term "re-holding 
of molecular structure" equivalently means that the heavy chain variable domain and light chain variable domain con- 
stitute the immunoglobulin variable domain via disulfide bonding in the constant region, for example, when the genes 

10 encoding the heavy chain variable region and light chain variable region are translated to separate proteins. 

[0033] On the other hand, there are antibody molecules In each of which the heavy chain and light chain have orig- 
inally been linked together via an artificial linker, such as single chain Fv antibody (scFv). In such special types of 
antibodies, their conformations are established via not disulfide bonds but peptide bonds In some cases. Thus, the 
conformation of scFv antibody can be re-holded not through the constant region. 

15 [0034] Firstly, the present Invention relates to a method for preparing a gene library, which comprises selecting genes 
encoding light chains capable of re-holding functionally active Immunoglobulin molecules and combining such a light 
chain variable region gene with a library of genes encoding heavy chains. The selection of light chain variable region 
genes of the present Invention can be achieved by thesteps described below. Specifically, the present Invention relates 
to a method for selecting genes encoding light chains that allows re-holding functionally active conformation when 

20 combined with a heavy chain, which comprises the following steps: 

(a) obtaining one or more genes encoding the light chain variable region; 

(b) obtaining a gene encoding the immunoglobulin heavy chain variable region that has been confirmed to re-hold 
a functionally active conformation when combined with the light chain variable domain; 

25 (c) selecting arbitrary one of the genes encoding the light chain variable region obtained in step (a), and translating 

the same Into the protein under a condition ensuring the re-holding of functionally active conformation of Immu- 
noglobulin, when combined with the gene encoding the heavy chain variable region which has been obtained in 
step(b) ; 

(d) detecting the formation of antigen-binding moiety In the protein translated in stop (c); and 
30 (e) selecting a gene encoding the light chain variable domain constituting the protein whose antigen-binding moiety 

has been detected to be fomned. 

[0035] In the present Invention, the light chain variable region or heavy chain variable region may be an arbitrary 
region comprising at least a portion required for antigen binding. In other words, an arbitrary region containing a region 

35 comprising three CDRs and the frame (FR) containing the same can be used as a variable region of the present 
invention. Accordingly, for example, a fragment containing the constant region can also be used as a variable region 
of the present invention, as far as it contains the region required for antigen-binding. Fab and Fab', which are often 
used as antibody variable domains, are names originally provided for fragments obtained by enzymatic digestion of 
immunoglobulin. As used herein, "Fab" is construed not to be a term to limitedly specify the variable region. 

40 [0036] A light chain variable region gene, which is a target in the method of the present invention for selecting light 
chain variable region genes, can be obtained from an arbitrary antibody-producing cell. Such antibody-producing cells 
include, for example, peripheral blood lymphocyte and splenocyte, RT-PCR can be used advantageously to isolate 
light chain variable region genes. For example, primers that can be used for amplifying the human VLJL gene, have 
been disclosed (Published Japanese Translation of International Publication No. Hel 3-502801 ; or Published Japanese 

45 Translation of International Publication No. Hel 4-500607). In addition, such primers are also publicized on the 
homepage of IVIRC Corporation ("V-base": 

http://www.mrc-cpe.cam.ac.uk/imt-doc/restricted/ok.html). Genes encoding the light chain variable region to be used 

in step (a) can thus be obtained by PGR using these primers. The genes obtained are used In step (c). 

[0037] Then, genes encoding immunoglobulin heavy chain variable domains that have been confirmed to allow the 

50 re-holding of functionally active confomiatlon when combined with a light chain variable domain are Isolated In step 
(b). The heavy chain variable region to be Isolated In this step may have arbitrary antlgen-blnding specificity or the 
like, as far as It Is derived from the same animal species from which the light chain variable region is obtained In step 
(a) and allows the re-holding of functionally active conformation in combination with the light chain variable region. A 
gene encoding such a heavy chain variable domain can be obtained, for example, from a gene encoding an immu- 

55 noglobulin molecule that has been demonstrated to exhibit the activity as an antibody. It is preferable that a heavy 
chain variable domain to be used in step (b) should be prepared as one that can re-hold with k chain or X chain. It is 
preferred to select a heavy chain variable region with the highest efficiency by practically testing the efficiency of holding 
with the light chain. For example. In Example described below, when various clones for the heavy chain were evaluated 
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for the efficiency of liolding with the light chain, then VH3-4 having the following primary structure showed the highest 
efficiency of holding; VH3-4 (SEQ ID NO: 1) was thus selected, and has the following primary structure. 

FR1 : EVQLVESGGGLVQPGRSLRLSCAASGFTFD 
5 CDR1:DYAMH 

FR2: WVRQAPGKGLEWVS 

CDR2: GISWNSGSIGYADSVKG 

FR3: RFTISRDNAKNSLYLQMNSLRAEDTALYYCAK 

CDR3: GPSGSFDAFDI 
fo FR4: WGQGTTVTVSS 

[0038] Then, arbitrary one of the genes encoding the light chain variable region obtained in step (a) and the gene 
encoding the heavy chain variable region obtained in step (b) are both translated into proteins under a condition en- 
suring the re-holding of functionally active Immunoglobulin conformation In step (c) - Since genes encoding the heavy 

15 chain variable domains capable of re-holding a functionally active conformation have been selected In step (b) , all the 
molecules allowing the re-holding of the conformation for the variable region of Immunoglobulin molecule In step of (c) 
can be assumed to have functionally active conformations. As far as the above-motioned immunoglobulin molecule 
contains the essential portion forthe antigen binding of immunoglobulin, any type of molecularorganlzation is allowable 
for the above-motioned immunoglobulin molecule. Thus, regardless of the presence of constant domain, the molecule 

20 can be assumed to be a re-holded Immunoglobulin molecule when having the re-holded antigen-binding moiety 

[0039] The "condition ensuring the re-holding of immunoglobulin" in step (c) refers to a condition under which disulfide 
bonds enable holding between the heavy chain variable domain and light chain variable domain. IVIore specifically, for 
example, the/n v;Vo reducing environment (e.g., in E. co// periplasm) as described above with respect to the expression 
of Fab protein is a condition ensuring the re-holding of immunoglobulin. A reducing microenvironment required for the 

25 acquisition of the antibody conformation can also be provided by organelle such as endoplasmic reticulum in cells 
derived from mammals including human. Further, in some cases, such reducing environments are not required for re- 
holding immunoglobulin, when an antibody consists of the heavy chain and lightchain variable domains linked together 
via an artificial amino acid sequence (linker), e.g., an scFv-type antibody. 

[0040] Phages that express foreign genes on the surface can be used advantageously to express the light chain 

30 variable domain and heavy chain variable domain In step (c). For example, filamentous phages can express a fusion 
protein on the surface, which comprises a protein encoded by a foreign gene and a phage protein such as cp3 or cpB. 
[0041] Typical phage library screening comprises the step of recovering phage particles. Thus, for example, when 
phagemid Into which a foreign gene has been Inserted, is Infected, phage particles can be recovered by infecting helper 
phage. On the other hand, the present Inventors have found that when E. coli Infected with a phagemid containing, as 

35 an insert, the Fab gene, which is fused with the cp3 gene. Is cultured without adding helper phage, the fusion protein 
of Fab and cp3 is secreted into the culture supernatant. Only a trace amount of the fusion protein of Fab and cp3 
secreted from the E. coli infected with the phagemid was detected even after 20-hour culture, but it was enough for 
practicing the selection method forthe light chain according to the present invention. Thus, samples to be used in the 
method for selecting for the light chain variable region gene according to the present invention may include culture 

40 supernatants of host microorganisms infected with such a phagemid. This method which does not require the step of 
recovering phage particles by infecting helper phage comprises only a very simple experimental procedure. A vector 
containing an operative promoter in a host microorganism and a signal sequence is used to prepare, as screening 
samples, culture supernatants of a host microorganism infected with the phagemid according to the method of the 
present invention. For example, a phagemid vector of filamentous phage, into which the pelB sequence orthe like has 

45 been inserted as a signal sequence, can be used, when E. coli is used as the host, 

[0042] The immunoglobulin variable region is structurally fonned, when a light chain variable domain allows the re- 
holding of the functionally active conformation in combination with a heavy chain variable domain. The type of light 
chain variable region to be selected can be Identified through detecting such structural formation of the variable domain. 
The fomnation of variable domain can be detected, for example, by using the principle of immunoassay. Specifically, 

50 the light chain variable domain Is trapped on a plate, on which an antibody against the k chain (or X chain) has been 
immobilized, by adding a sample containing expression products of the heavy chain variable region gene and light 
chain variable region gene to the plate coated with the antibody. When the heavy chain variable domain is associated 
with the light chain variable domain, the heavy chain variable domain, along with the light chain variable domain, must 
be trapped on a plate. A labeled antibody against the heavy chain or Fab is then added to the plate. Only when the 

55 two types of molecules are associated together, the labeled antibody is trapped on the plate. After incubation for a 
convenient period, the plate is washed; a light chain variable domain re-holding the functionally active conformation 
can be identified by detecting the labeled antibody. The labeled antibody and the immobilized antibody can also be 
used in the inverse combination. Alternatively, it is possible that the heavy chain variable domain is pre-biotinylated, 
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and then the detection is carried out using labeled avidin. As described above, the inventors have revealed that culture 
supernatants of E. co// cells infected with phagemid can be used as samples in this detection method. 
[0043] Such a light chain variable domain that has been confirmed to be associated with the heavy chain variable 
domain by the method as described above can be selected as a light chain variable domain that allows the re-holding 
5 of the functionally active conformation in combination with the heavy chain variable domain. When a phage library 
contains genes encoding the light chain variable region, genes of the light chain variable region can be selected by 
recovering the phage particles. 

[0044] Such light chain variable region genes obtained by the steps as described above not only allow the re-holding 
with the heavy chain variable domain but also are demonstrated to be expressed in the expression system used in the 

w screening. For example, when a phage expression system Is used, lightchain variable region genes whose expression 
levels In E. co// cells are high enough are selected. Thus, genes whose expression levels In E. co// cells are too low 
can be eliminated, even If they are expressed In mammalian cells. Thus, the method of the present Invention for se- 
lecting light chain variable region genes has such a new merit. On the contrary, with the conventional techniques for 
preparing antibody libraries, the light chains are selected without such a selection step, and therefore It Is Impossible 

15 to avoid the contamination of light chain genes whose expression levels are Insufficiently lower. 

[0045] Selected genes encoding the light chain variable region can be used without any modification for preparing 
gene libraries of the present Invention. However, at this stage, the selected genes encoding the light chain variable 
region may have redundancy. Thus, It Is preferred to remove redundant genes through analyzing the structures of the 
light chain variable region genes before preparing the gene library using them. Such redundant genes can be removed, 

20 for example, by the following method. 

[0046] First, before or afterthe above-mentioned step (d), the nucleotide sequences ofthe lightchain variable region 
genes are determined and the amino acid sequences encoded by the nucleotide sequences are deduced. The deduced 
amino acid sequences are compared with one another, and then genes encoding identical amino acid sequences are 
removed. It is preferred to additionally carry out deletion check at this stage. For this purpose, genes having reading 

25 frame shifts are removed afterthe nucleotide sequences are determined. 

[0047] In practice, the selection and isolation of genes can be carried out by grouping genes showing similarity Into 
a single category, and selecting a representative sequence from each group. The selection should be carried out so 
as to cover all the selected genes without bias and not to alter the distribution of gaps at the VL-JL junction in the 
population of naturally occurring antibodies. In practice, light chain variable region genes for known antibody molecules 

30 were selected from a gene database, and then the distribution was determined based on the result obtained by ana- 
lyzing gaps at the junction. Table 1 shows a result of analysis for the number of amino acids at the V-J junction (the 
amino acid sequence 91-96). 
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[0048] After general consideration of the results obtained as described above, according to the analysis result by 
the present inventors, the repertoire size of representative light chain variable region sequences, which were selected 
by the selection method, is 101 for the k chain, or similarly 99 for the X chain in the case of human immunoglobulin. 
[0049] Thus, the repertoire size of the representative light chain variable region sequences of functional human 
immunoglobulin was revealed to be 200 at most. However, the repertoire size is not limited to the estimate of about 
1 00 by the present inventors. Specifically, for example, when one intends to select human light chain variable region 
genes according to the selection method of the present Invention, the number of light chain variable region genes to 
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be selected is not always 1 00. The most important thing is that light chain genes selected by practicing the selection 
method described herein based on the obtained amino acid sequences are used in the subsequent steps. 
[0050] The VL genes of phage antibodies obtained by screening were categorized herein into several groups. The 
result is shown in Fig. 1 . The distribution of VL gene has been found to have a bias toward some particular genes. This 
5 result demonstrates that a high-quality library containing functional active immunoglobulins can be prepared by select- 
ing a set containing, in a high percentage, many light chains allowing the re-holding of the immunoglobulin conformation. 
[0051] In this step, it is preferred that as many amino acid sequences as possible are analyzed to mimic the in vivo 
antibody diversity. 

[0052] In the human genome, genes constituting the light chain include 36 types of VX, 7 types of JA,, 37 types of 

10 vk, and 4 types of Jk. Since a combination of V gene and J gene produces a light chain gene, a simple estimate is as 
follows: summation of (36 x 7 = 252) and (37 x 4 = 1 48), namely 400 types of vitiations. In addition, mutational events 
occur during joining genes, and thus further increase the number of amino acid variations at the junction. Specifically, 
the event specific to antibody gene rearrangement as described above produces variations of about ±1 amino acid in 
average (about +5 amino acid at most). After some dispensable genes are further eliminated from the combinations, 

15 the repertoire is completed in an individual. In addition, there are minor variations in the genes in each individual (which 
is referred to as "polymorphism"). It is practically impossible to study the whole types of antibody genes of the entire 
human beings, but the total number has been estimated to be 1 ,000. These findings shows that, when a human indi- 
vidual can produce a set of antibodies corresponding to all types of antigens, the repertoire for the light chain variable 
region gene can be reproduced successfully by analyzing theoretically preferably about 400 to 1 ,000 types of amino 

20 acid sequences by the method of the present Invention. 

[0053] The repertoire size for the human light chain (200 types) was estimated by the present inventors based on 
the result obtained by analyzing approximately 1,000 types of amino acid sequences. Thus, theoretically. It can be 
assumed that the light chain variable region genes are selected so as to allow the re-holding of functionally active 
conformation in every antibody set. The present invention has experimentally proven that the repertoire size of light 

25 chain variable region genes determined to be 200 types according to the present invention is large enough to mimic 
In v/frathe in vivo antibody diversity. However, there is a possibility that the repertoire size is determined to be larger 
by analyzing amino acid sequences deduced from much more nucleotide sequences. 

[0054] Then, the repertoire size of the library of light chain variable region genes selected according to the present 
invention can be increased by combining the library with another light chain gene library. Namely, a library of light chain 

30 variable region genes (referred to as VL library) is prepared by using a non-biased collection of the entire light chain 
genes without selection by the same method used for the heavy chain. A library whose shortage has been supplied 
by combining the VL library prepared as describe above with the library (referred to as KL200 library) comprising only 
200 types of light chain variable region genes. The respective libraries have the characteristics described below. 
[0055] KL200 library has been confirmed to comprise the light chains allowing the re-holding of the functionally active 

35 conformation when combined with the heavy chain. However, there is a possibility that light chains required for clones 
having particular specificities have been excluded from the library because of the limited number. 
[0056] VL library covers all of the clones required, because the number of independent clones in it is 1 0^. However, 
the level of expression and the rate of conformation formation with the heavy chain are lower than those of KL200 library. 
[0057] Basically, genes can be selected arbitrarily from each group classified based on the analysis result of amino 

40 acid sequences according to the present invention. Thus, It Is not quite significant to identify the structures of genes 
encoding light chains allowing the re-holding of functionally active conformation in combination with the heavy chain. 
The most important is to practice the selection step for the light chains that allows the re-holding of functionally active 
conformation in combination with the heavy chain according to the selection method. By the procedure, a human light 
chain variable region gene library can be prepared from a library comprising 101 types of k chain genes and another 

45 library comprising 99 types of X chain genes. 

[0058] As described below, when combined with genes encoding the heavy chain variable region, the library of the 
light chain variable region genes selected according to the present invention provides an immunoglobulin gene library. 
Thus, the library of light chain variable region genes selected according to the present invention can be used to prepare 
an immunoglobulin gene library. Specifically, the present invention relates to a gene library consisting of at least genes 

50 encoding the light chain variable region of immunoglobulin, in which genes encoding the light chain variable domains 
incapable of re-holding functionally active conformation when combined with the Immunoglobulin heavy chain have 
been substantially eliminated. 

[0059] In the present invention, the genes encoding the light chain variable region incapable of re-holding functionally 
active conformation when combined with the immunoglobulin heavy chain can be eliminated by the selection method 
55 for the light chain variable region as described above. A gene encoding the light chain variable region incapable of re- 
holding functionally active conformation when combined with the immunoglobulin heavy chain is herein referred to as 
"defective gene". In the present invention, a library where defective genes have been substantially excluded does not 
refer to a library from which defective genes have been eliminated completely. For example, a library where defective 
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genes have been contaminated can be assumed to be a library wliere defective genes have been substantially ex- 
cluded, when the population of contaminated genes falls within a range where the antibody screening based on im- 
munological reaction is not prevented. 

[0060] The "range where the antibody screening based on immunological reaction is not prevented" means that the 

5 percent population of defective genes in an antibody library ranges, for example, of 0 to 50%, preferably 0 to 25%. As 
a matter of course, the smaller the population of defective genes, the higher the screening efficiency and the lower the 
risk for the loss of useful clones during the screening step. However, the inventors prepared trial libraries and tested 
the screening efficiency; a VL library in which 50% of the genes are assumed to be defective genes was combined at 
various ratios with a KL200 library, from which defective genes had been eliminated completely; then, it was confirmed 

?o that effective screening was secured up to 1 :1 ratio. This fact shows that defective genes can be assumed to be 
substantiaiiy excluded when the percent rate of defective genes is more preferably 25% or less. 
[0061] A library consisting of only the light chains of the present invention is useful as material to be combined with 
a library of genes encoding the heavy chain variable region. Such a library includes, for example, a phage library in 
which a light chain library from which defective genes have been substantially excluded have been inserted into the 

15 gene encoding cp3 protein of phage, and the vector of which has a cloning site to insert the heavy chain variable region 
gene. Typically, methods for preparing phage libraries comprise inserting a foreign gene in the phagemid so that the 
phage could retain the infectivity to the host microorganism and pacl<aging the phagemid into a phage particle by using 
helper phage. The phage library of the present invention can also be constructed by using a phagemid. Specifically, a 
cloning site, at which is to be used for inserting a gene encoding the above-mentioned light chain variable domain 

20 connected with a signal sequence and a gene encoding the heavy chain variable domain, is placed downstream of a 
promoter which is operative in the host. The cloning site for the heavy chain variable region gene advantageously 
contains a site recognizable by a restriction enzyme which digests genes of interest in a minimal frequency. The phage 
library of the present invention can be prepared not only using the phagemid but also using phage genome. The heavy 
chain variable region gene is synthesized by PGR using primers additionally containing cloning site, and then inserted 

25 into the phage library; thus a phage library for the expression of immunoglobulin variable region can be completed. 
[0062] Alternatively, an £ co// strain that can express and secrete a light chain variable domain can be prepared by 
inserting a light chain library from which defective genes have been substantially eliminated into an E. co// expression 
vector and transforming £. co// cells with the light chain variable region library. Phage particles on which Fab has been 
re-folded on the surface can be prepared by infecting to E. co// the phages in which the heavy chain variable region 

30 genes obtained by PCR have been inserted. An antibody library containing desired antibodies can be prepared by 
selecting heavy chain variable region genes from a variety of individuals having different immunological histories. 
[0063] A Icit for preparing a phage library can be provided based on such a method. Such l<its comprise a light chain 
gene library from which defective genes have been substantially excluded and primers for amplifying the heavy chain 
variable region genes. Users can prepare PCR products from a gene source having an immunological history, which 

35 can provide genes encoding desired antibodies, using primers ensuring the amplification of heavy chain variable region 
genes. For example, a library in which a population of antibodies recognizing tumor-associated antigens has been 
enriched can be obtained from a host affected with cancer. 

[0064] A library of the present invention is prepared by using the light chain variable region genes selected as de- 
scribed above. Specifically, the present invention relates to a method for preparing a gene library comprising combi- 
40 nations of light chain variable region genes and heavy chain variable region genes of immunoglobulin, which comprises 
the following steps: 

(a) selecting a light chain variable region genes encoding light chain molecules capable of re-holding functionally 
active conformation, in conjunction with expressed product of heavy chain variable region genes; 
45 (b) constructing a gene library which is a collection of light chain variable region genes obtained in step (a); and 

(c) combining the library obtained in step (b) with a library of genes encoding the heavy chain variable region. 

[0065] The selection for the light chain in step (a) is as described above. The library of step (b) can be prepared by 
collecting previously obtained genes encoding the light chain. When the light chain variable region genes are introduced 
50 in filamentous phage particles, a library can be obtained by recovering the phage particles amplified. Then, in step (c), 
the above-mentioned light chain gene library is combined with a heavy chain gene library. The heavy chain variable 
region genes can be obtained from antibody-producing cells such as peripheral blood lymphocytes and splenocytes 
by a method known to those skilled in the art. For example, there are seven VH families of VH1 to VH7 for human 
immunoglobulin. 

55 [0066] Primers ensuring the amplification of respective genes belonging to each family are known to those skilled 
in the art (Campbell, M. J., Zelenetz, A. D., Levy, S. & Levy, R. (1992). Use of family-specific primers for PCR ampli- 
fication of the human heavy chain variable gene repertoire. Mol. Immunol., 29, 193-203; in addition, such primers are 
publicized on the homepage of MRC Co. "V-base": 
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http://www.rnrc-cpe.carn.ac.uk/imt-doc/restrictecl/ok.html). Thus, the heavy chain variable region genes can be ampli- 
fied for each family by RT-PCR using such primers. 

[0067] The heavy chain variable region genes obtained as amplification products can be converted to a gene library 
by inserting each gene into an appropriate vector. In this step, the library of the heavy chain variable region genes is 
prepared separately for each VH family; the respective libraries are combined together in accordance with the in vivo 
ratio of the respective families; thus, the gene library of the present invention can mimic the in v/vo antibody repertoire. 
Specifically, for example, in human, the respective populations are roughly estimated to be at the following ratio. Mim- 
icking the in vivo antibody repertoire can reduce the chance of losing desired clones during screening. 



[0068] The preparation of heavy chain variable region genes Is described below In more detail. Primers are designed 
for the respective seven VH families, and then RT-PCR Is carried out using the primers In combination with a primer 

20 common to six types of JH genes. Primers that enable to amplify a wide range of genes of each human VH family are 
known to those skilled In the art (Marks J. D. etal., J. IVIol. Biol. (1991) 222, 581-597; Campbell, M. J., Zelenetz, A. D., 
Levy, S. & Levy, R. (1992); Use of family-specific primers for PCR amplification of the human heavy chain variable 
gene repertoire. IVIol. Immunol,, 29, 193-203; in addition, such primers are publicized on the homepage of MRC Cor- 
poration, "V-base": http://www.mrc-cpe.cam.ac.uk/imt-doc/restricted/ok.html). It should be confirmed that exact genes 

25 of each family are amplified corresponding to the primers used. Specifically, dozens of clones corresponding to bands 
of amplified products having the VHDJH structure are isolated from each family, and then their nucleotide sequences 
are determined to analyze which heavy chain variable region gene was amplified. When some genes are hardly am- 
plified, extra primers are newly designed and added. For example, it has been reported that some new primers allow 
the amplification of genes that cannot be amplified by conventional primers. 

30 [0069] When having the VHDJH structure in frame, each of such clones are inserted into an appropriate vector to 
analyze the expression level in E. coli, holding with a protein encoded by the light chain variable region gene, and 
folding. When any step is poorly achieved with some clones, then one should deduce the reason and estimate the 
percent population of such clones in the library. 

[0070] The population of each immunoglobulin molecule in an individual depends on the immunological history. Thus, 
35 it is important to prepare heavy chain variable region genes from a wide variety of B cells so as to reflect as many 
immunological histories of individuals as possible. In practice, the number of types of gene source available for the 
heavy chain variable region genes should be increased, e.g., umbilical blood, tonsil, peripheral blood, bone marrow, etc. 
[0071] Further, It is also Important to prepare B cells from a naive B cell population which has no experience of 
contacting with immunogens (including autoantigens). Because clones recognizing self antigens are eliminated during 
40 the maturation period of immune system. Naive B cells are important to construct a gene library further containing a 
repertoire of antibodies against autoantigens. Such libraries are carefully combined so that the number of clones is 
proportional to the number lymphocytes. The VHDJH library eventually prepared should contain independent clones 
on the order of 10^(109 to 10^°). 

[0072] The treatment has the significance as described below. The amino acid sequence constituting antigen-binding 
45 surface of an antibody is determined by the genes on the genome for light chain CDR1 , CDR2, and CDR3, and heavy 
chain CDR1 and CDR2 (including evolutionary selection); the entirevariationscoverabout 10,000 types. An enormous 
number of heavy chain CDR3 variations further increase the level of diversity. It is necessary that the antibody library 
contains the 10,000 variations as equally as possible and variations of heavy chain CDR3 (which is produced in a 
random process in each B cell of each individual) maximally. The above-mentioned method can meet this demand. 
50 [0073] By the above-mentioned analyses, the present inventors found that the VH gene was not exactly expressed 
when a CDR contained cysteine residues. They also confinned that 70% or more clones in the prepared heavy chain 
variable region library were successfully expressed, holded with the heavy chain variable region domain, and folded 
in E. coii. 

[0074] Alternatively, the library can be characterized roughly by selecting a source for heavy chain variable region 
55 genes based on the immunological history. For example, the probability that immunoglobulin exhibiting high affinity for 
the pathogen is obtained is higher, when the person has a previous history of an infectious disease. When antibody- 
producing cells from a cancer patient are used as a source for the heavy chain variable region genes, immunoglobulins 
recognizing a tumor-associated antigen may be obtained. 
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[0075] Further, artificial mutations introduced into tlie VH genes can increase the number of variations in a library. 
A method, known to those skilled in the art, for introducing artificial mutations is error-prone PGR (Winter, G. et. al., 
Annu. Rev. Immunol., 12, 433-455, 1994). Sincedefectivegenesfor light chain variable domain have been substantially 
excluded from the library of the present invention, the diversity of the heavy chain variable region gene directly con- 
5 tributes to the diversity of the library. Thus, such a library can attain a diversity of extremely high levelsimply by carrying 
out error-prone PGR which is known to those skilled in the art. The error-prone PGR can be practiced as follows. 
[0076] The error-prone PGR is a method for introducing random point mutations. Specifically, one can utilize the 
following biochemical properties of DNA polymerase to be used in PGR. 

10 (1 ) While typically Taq DNA polymerase is used in the presence of Mg2+ Ion , the fidelity of the enzyme for nucleotide 

incorporation is impaired in the presence of Mn2+ Ion. 

(2) While typically the nucleotide monomers, dATP, dCTP, dTTP, and dGTP, are used at an equal concentration in 
PGR, their concentrations can be altered so as to ensure the introduction of mutations at a higher rate. 

(3) dITP is also used in addition to the four types of nucleotide monomers. By Taq DNA polymerase, dITP is 
15 incorporated as inosine nucleotide into a DNA chain. No base pair is formed between an inosine residue and any 

of the four nucleotides; as PGR proceeds, at the position complementary to an inosine, any one of the five types 
of nucleotides can be incorporated at random. 

[0077] IVIutations can be introduced at random based on the synergistic effect of the above-mentioned three factors. 
20 Specifically, the reaction can be carried out under a condition, for example, of 7.5 mM MgGl2, 0.5 mM MnGl2, 0.2 mM 
dATP/dCTP, 1.0 mM dGTP/dTTP, 0.1 to 1,0 mM dITP. In practice, conditions, such as a concentration, are further 
adjusted to meet the experimental purpose. Reaction conditions such as temperature may be the same as used in 
typical PGR experiments. 

[0078] Vectors known to those skilled in the art can be used for preparing a gene library of the present invention. 

25 Vectors that can be used in the present Invention Include, for example, a phage library containing the light chain variable 
region gene library prepared as described above. Specifically, a heavy chain variable region gene is inserted upstream 
of the light chain variable region gene In a phagemid (Iba, Y. et al.. Gene 194 (1997) 35-46). A phage library in which 
the phages express the heavy chain variable region and light chain variable region at the same time on their surface 
can be used advantageously to practice the panning method (sec below) using the antigen binding as an index. 

30 [0079] Specifically, an rgdp library can be provided by preparing the gene library of the present invention as a phage 
library. The gene library of the present invention can be prepared as an rgdp library using a system where a foreign 
gene is expressed as a fusion protein with a ribosome protein or a protein constituting E. co//flagella as well as a phage 
protein. 

[0080] A representative rgdp library is the phage library. A phage library based on the antibody library of the present 
35 invention can be prepared as described below. Phagemid or helper phage is generally used to express a foreign protein 
on phage surface. For example, phagemid vectors such as pTZI 9R (Pharmacia) are commercially available, When a 
phagemid is used, the gene encoding a foreign protein to be expressed is ligated with a gene encoding phage protein 
cp3, cp8, or the like. 

[0081] A phagemid can be amplified by infecting a host such as E. co// with it. However, phage particles cannot be 

40 recovered by only this treatment. In a word, the state after the treatment as described above is the same as that of a 
typical gene library. Superinfection of helper phage to the microorganism already infected with phagemid allows the 
display of the foreign protein, whose gene has been inserted in the phagemid, on the surface of phage particles. For 
example, phage particles for the phagemid vector pTZ19R can be recovered upon superinfection of helper phage 
M13KC7. When the foreign protein is fused with cp3 protein derived from the phagemid used, the foreign protein is 

45 displayed on the surface of the resultant phage particles. 

[0082] When a restriction enzyme site suitable for the cloning of an antibody gene has been introduced into a com- 
mercially available phagemid, the light chain variable region gene library of the present invention in combination with 
a heavy chain variable region gene library can be inserted into it. A method, which comprises introducing an appropriate 
restriction enzyme site into the phagemid vector pTZI 9R and inserting an antibody gene library amplified by PGR into 

50 it, is known to those skilled in the art (Gene 1 94, 35-46,1 997). In Example described below, Sfti site and Asd site were 
introduced downstream of the signal sequence PelB into a phagemid vector. On the other hand, a primer having the 
same restriction enzyme site is used to amplify the light chain variable region gene. The amplification products obtained 
by PGR are inserted at the restriction enzyme site which has been pre-cleaved with the enzyme; the antibody variable 
region gene is thus placed downstream of PelB. The constructed phagemid vector encodes a antibody variable region 

55 protein fused with cp3 located further downstream (pFCAH9-E8d in Fig. 2). 

[0083] The heavy chain variable region gene can also be inserted into an expression vector for a bacterial host. In 
this case, the heavy chain variable region gene can be expressed by transforming bacterial cells with the vector. A 
gene library of the present invention is finally completed by further infecting a phage library containing the light chain 
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variable region gene to the transformed cells obtained. The vectors for £. co//transformation include pFK, etc. In cases 
where bacterial cells are transformed with the phages, when the heavy chain variable region gene has been inserted 
downstream of an appropriate secretory signal, the heavy chain variable region protein can be secreted into periplasm. 
pFK is a vector containing the secretory signal pelB. 
5 [0084] Further, the library of the present invention can also be prepared by inserting the light chain variable region 
gene library prepared as described above and a library of heavy chain variable region genes into an expression vector 
for animal cells. Such vectors include pcDNAI, etc. 

[0085] The nucleotide sequence encoding a label peptide can previously be fused to the 3' end of heavy chain 
variable region genes constituting the gene library of the present invention. Such label peptides include, for example, 

to histidine tag (His x 6), myc-tag, HA-tag, etc. The histidine tag has metal ion-binding activity. When a heavy chain 
constituting the library of the present invention has been fused with the histidine tag, for example, phage particles 
expressing the heavy chain can be trapped in a nickel column. Clones expressing the heavy chain can be enriched 
and purified by washing off the particles of the phage and helper phage unbound to the nickel column. 
[0086] The gene library of the present invention may be any type of antibody library. Specifically, such libraries include 

15 phage library, E. co// library, ribosome library, etc. The antibody library according to the present invention can be pre- 
pared by expressing the immunoglobulin genes In the clones constituting the antibody library according to the present 
invention and recovering the expression products. The present inventors have found that when E. coli infected with a 
phagemid containing, as an insert, the light chain variable region gene and heavy chain variable region gene fused 
with the cp3 gene, is cultured without adding helper phage for a long period, the fusion protein of Fab and cp3 is 

20 secreted into the culture supernatant from E. coll. The characteristics of antibody gene in a phagemid can readily be 
tested by utilizing this phenomenon. Further, each clone is analyzed to confirm whether the re-holding has been 
achieved between the light chain variable domain and heavy chain variable domain, and such analysis allows excluding 
clones failing the re-holding. The antibody library of the present invention can mimic the in vivo antibody population by 
this treatment. 

25 [0087] The antibody library of the present invention can be used to screen for desired variable region genes through 
screening the antibody. With the antibody library of the present invention, without distributing the variable region gene 
library itself, one can provide only the antibody library to a third party who practices the screening for desired antibody. 
The present invention relates to a method for detecting antibodies having desired reactivity in the library of the present 
invention. The antibody reactivity can be evaluated by the antigen binding activity. Specifically, desired antibodies can 

30 be detected using as an index the activity of binding to an antigen of interest by the following steps: 

(a) contacting the antigen with the antibody library according to the present invention under a suitable condition 
for antigen-antibody reaction; and 

(b) detecting the binding between the antigen and the immunoglobulin variable domain. 

35 Further, the present invention relates to a method for obtaining immunoglobulin variable domain binding to a 

specific antigen by using the library of the present invention. Firstly, the method of the present invention for detecting 
antibody variable domain comprises the step described below. 

Further, the method of the present invention for obtaining immunoglobulin variable domain which binds to a 
particular antigen further comprises the following step (c) in addition to the above-mentioned steps (a) and (b): 

40 (c) selecting a clone expressing the immunoglobulin variable domain which binds to the above-mentioned antigen. 

[0088] The library to be used in step (a) can be a library that ensures the expression of both light chain variable 
domain and heavy chain variable domain, or an antibody library comprising the expression products from the former 
library. In a particularly useful library, fragments of the heavy chain and light chain encoded by the genes constituting 
45 the library are expressed on the surface of filamentous phage, and they are re-holding the functionally active confor- 
mation on the surface of phage particles. This type phage library serves as an rgdp library, and with this library, clones 
having desired reactivity can readily be enriched by the panning method. The panning method according to the present 
invention can be practiced as follows. 

[0089] First, an antigen of interest is contacted with an rgdp library, and then clones bound to the antigen are recov- 
50 ered. After being amplified, the recovered clones are again contacted with the antigen of interest. Then, clones bound 
to the antigen are recovered. This cycle is further repeated. The amplification of clones is achieved by infecting E. coli 
cells with phage and recovering the phage particles. The variable domain having desired reactivity is enriched by 
repeating this step. In general, such screening based on the antigen-binding activity is repeated until the recovery rate 
of clone is markedly increased. The "recovery rate" used herein refers to a ratio of: (the number of recovered clones 
55 having the antigen-binding activity) to (the number of clones charged with an antigen-coated plate) . When the recovery 
rate is markedly increased as compared with that of the previous round of screening, phage particles displaying the 
antibodies having desired reactivity are assumed to be enriched. 

[0090] In addition, screening can be carried out by using an antibody library that comprises a collection of separately 
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recovered expression products of the respective clones constituting a library. It is also possible to directly select im- 
munoglobulin having desired reactivity by contacting the expression product of each clone with an antigen of interest. 
A desired clone for the variable region can be obtained by selecting a clone encoding immunoglobulin that has been 
detected to bind to an antigen. 

5 [0091] In the present invention, any compound having epitopes can be used as an antigen to detect and obtain an 
antibody variable domain. It has been known that a wide variety of proteins, sugars, nucleic acids, organic compounds, 
and inorganic compounds have epitopes. These compounds may be derived from biological samples or synthesized 
artificially. Specifically, such compounds that can be used as antigens include those of animals and plants; microor- 
ganisms such as bacteria and fungi; cells and particles such as viral particles; proteins constituting them; sugar chains; 

'0 lipids, etc. Further, various nonprotelnous agents, hormones, vitamins, cytokines, chemokines, chemical substances 
causing environmental pollution, and others can be used as antigens in the present invention, when having epitopes. 
[0092] Further, the whole antigen molecule that is a target of a desired antibody or a part of the antigen molecule 
may be used as an antigen. Unless otherwise specified, the antigen of the present invention also includes compounds 
comprising a partial structure of the antigen. For example, a high-specificity antibody can be obtained by using a partial 

15 antigen molecule containing an epitope comprising a specific structure of the antigen molecule. 

[0093] Further, a complex of multiple molecules can be used as an antigen. Unless othenvise specified, the antigen 
of the present invention also includes a complex of multiple molecules. Using such a complex as an antigen, it is 
possible to obtain an antibody that can discriminate the complex from each monomeric molecule, 
[0094] For example, an antibody molecule that can be used as a neutralizing antibody against a pathogen can be 

20 detected in the library of the present invention, which can be followed by isolation of the gene encoding the same from 
the library, In the present invention, the pathogen includes every pathogenic organism, and every substance derived 
form such an organism, IVIore specifically, such organisms include virus, bacterium, fungus, mycoplasma, multi-cellular 
parasitic organism, etc. The pathogen of the present invention also includes toxins derived from microorganisms, an- 
imals, and plants. Thus, the pathogen of the present invention also includes toxins produced by cholera vibrio and 

25 enterohaemorrhagic Escherlcliia coli, etc. The pathogen of the present invention also includes biotoxin such as snake 
venom, bee toxin, etc. On the other hand, the neutralizing antibody of the present invention refers to an antibody having 
the activities of suppressing pathogenicity and infectivity of the pathogen. 

[0095] The method of the present invention for detecting such a neutralizing antibody comprises detecting a clone 
expressing the immunoglobulin variable domain binding to the antigen by contacting the antigen derived from the 

30 pathogen with the library of the present invention. Further, the present invention provides a method for screening for 
a neutralizing antibody by selecting a clone expressing the variable domain binding to the antigen. 
[0096] In the method of the present invention for screening for a neutralizing antibody, antibodies comprising the 
variable region having undesired reactivity can be removed from the antibody library by absorption. For example, it 
has been believed that antibodies against the HA antigen of influenza virus are effective to suppress the infectivity. On 

35 the other hand, among antibodies against the same influenza virus particles, antibodies against the nuclear protein 
(NP) have no virus-neutralizing activity. However, when the influenza virus particle is used as an antigen, anti-NP 
antibodies are often detected. As a result, screening efficiency for neutralizing antibodies may be impaired. In such 
cases, when anti-NP antibodies have been pre-absorbing, efficient detection of anti-HA antibodies can be achieved. 
Such anti-NP antibodies can be absorbed by contacting the library of the present invention with the NP antigen of 

40 influenza virus particles under a condition allowing the antigen-antibody reaction, and removing antibody variable region 
bound to NP antigen. Such antibodies against HA antigen can be prepared efficiently, for example, by using, as an 
index, the binding activity to purified HA antigen sample containing no NP antigen. However, the method comprising 
the step of pre-absorbing anti-NP antibodies can be used advantageously to confirm the reactivity of an antibody 
against virus particles having the original surface structure. 

45 [0097] The genes obtained as described above, which encode immunoglobulin variable domains, and the immu- 
noglobulin variable domains that are the expression products are within the scope of the present invention. The isolated 
immunoglobulin variable domains can be used for diagnosing and treating diseases. In particular, when the antibody 
is a human immunoglobulin, it can be administered into the human body. Specifically, such an antibody can be used 
for diagnosing and treating various infectious diseases, tumor, arteriosclerosis, etc. Various diagnostic and therapeutic 

50 methods using immunoglobulin are known to those skilled in the art. 

[0098] When a perfect human immunoglobulin molecule is prepared from the immunoglobulin variable domain ob- 
tained according to the present invention, it can be used not only as a simple affinity ligand but also as an antibody 
molecule. Specifically, the heavy chain variable region gene and light chain variable region gene obtained according 
to the present invention are ligated with CH gene and CL gene encoding the constant regions, respectively When 

55 genes encoding the constant regions derived from IgG are used, the resultant immunoglobulin molecule can have an 
excellent opsonin activity. 

[0099] All publications describing prior art cited herein are incorporated herein by reference. 



17 



EP 1 264 885 A1 



Brief Description of the Drawings 
[0100] 

5 Fig. 1 shows a diagram summarizing ttie classification of VL genes of ptnage antibodies obtained according to the 

present invention. 

Abscissa: 63 types of light chain variable region genes from germline (chromosome). 
Ordinate: Types of antigens used in the screening for phage antibodies 
to From the deepest: 

1 . Tetanus toxin (TET) 

2. Influenza virus antigen (IFL) 

3. varicella-zoster virus antigen (VZGH) 
15 4. Diphtheria toxin (DTD) 

5. Summation for the Items 6 and 7 (total) 

6. Summation for sensitizing antigens (1+2+3+4) (Immunized) 

7. Summation for non-sensltlzing antigens (antigens which ordinary persons never encounter In their life- 
time, such as C. eiegans) (no immunized) 

20 

Height: the number of phage antibodies. 

Fig. 2 shows a schematic illustration of structures of various vectors used for constructing the variable region library 

of the present invention. 

25 

(1) pAALFab: vector for D1 .3 mutation. 

(2) pFCAH3-E8T: expression vector for E8. This vector was constructed by modifying the restriction enzyme 
sites based on pAALFab. Psfl, Xba\, and Kpn\ sites have been newly added; positions of the EcoRI and Xho\ 
sites have been changed. 

30 (3) pFvCA-E8VHd: cloning vector for the heavy chain variable region gene. This vector was constructed by 

modifying the restriction enzyme sites based on pFCAH3-E8T. The Xbal-EcoRI portion has been deleted; 
Kpn\, sm, Nco\, and Spel sites have been newly added. A heavy chain variable region gene can be cloned 
between SffI and Xho\ sites. 

(4) pFCAH9-E8d: cloning vector for the heavy chain variable region gene. This vector was constructed by 
35 modifying the DNA sequence based on pFCAH3-E8T and pFvCA-E8VHd. Human 7CHI has been substituted 

for mouse 7CHI. SffI, Nco\, andAsd sites have newly been added. Alight chain variable region can be cloned 
between the Sftl and Asd sites. 

Fig. 3 shows the nucleotide sequence of insert in pFCAH9-E8d. 
40 Fig. 4 shows positions of restriction enzyme sites in the nucleotide sequence of the Insert In pFCAH9-E8d and the 

amino acid sequence encoded by the nucieotide sequence (1), 

Fig. 5 shows positions of restriction enzyme sites in the nucleotide sequence of the Insert In pFCAH9-E8d and the 
amino acid sequence encoded by the nucieotide sequence (2), 

Fig. 6 shows positions of restriction enzyme sites in the nucleotide sequence of the Insert In pFCAH9-E8d and the 
45 amino acid sequence encoded by the nucieotide sequence (3), 

Fig. 7 shows the nucleotide sequence of the insert in pscFvCA-ESVHd. 

Fig. 8 shows positions of restriction enzyme sites In the nucleotide sequence of the Insert In pscFvCA-E8VHd and 
the amino acid sequence encoded by the nucleotide sequence (1). 

Fig. 9 shows positions of restriction enzyme sites In the nucleotide sequence of the Insert In pscFvCA-E8VHd and 
50 the amino acid sequence encoded by the nucleotide sequence (2). 

Fig. 1 0 shows a result obtained by assaying the affinity of the antibodies selected from the antibody library according 
to the present Invention. The ordinate indicates absorbance at 492 nm; the abscissa Indicates clone number. PC 

in the abscissa refers to a positive control. 

Fig. 11 shows the reactivity of each clone listed In Table 15 to gH or gE, which was measured by ELISA. 

55 

Best Mode for Carrying out the Invention 

[0101] The present invention is illustrated in detail below with reference to Examples. 
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[Example 1] Preparation of phagemid vectors for library construction 1-1 Preparation of vectors to construct 

combinatorial libraries of fine heavy cliain and liglnt chain 

[0102] As shown schematically in Fig. 2, the vector pFCAH9-E8d was prepared by inserting MIS phage-derived pelB 
(signal sequence) , His6 tag sequence, M13 phage-derived sequence encoding cp3 protein (Acp3 (198aa to 406aa): 
the capsid protein 3 lacking the N terminus), and DNA encoding the amino acid sequence of protein A at appropriate 
restriction enzyme sites into pTZ19R phagemid vector (Pharmacia) (see Iba, Y. et al. GENE 194 (1997) 35-46). The 
genes encoding light chains X5 and X£ contained BsfPI sites; to avoid such cleavage, pFCAH9-E8d has been designed 
to contain an Xhd site in addition to a Bs1P\ site. The nucleotide sequence of the insert in pFCAH9-E8d is shown In 
Fig. 3; the restriction enzyme sites and the amino add sequence encoded by the nucleotide sequence are shown In 
Fig. 4 to 6. 

[0103] A vector directing the expression of an antibody protein Is completed by Inserting the heavy chain and light 
chain genes at desired, positions into the vector described above. With the vector constructed, the antibody is ex- 
pressed as a Fab-type antibody; each of heavy chain and light chain contains the variable region at the N-terminus 
which Is followed by the constant region CHI or CL. The heavy chain Is linked with the light chain via a disulfide bond 
between the constant regions. The gene CL encoding the light chain constant region Is fused with the above-mentioned 
cp3 gene, and as a result the protein expressed Is a Fab-cp3. 
[0104] Specifically, the procedures used are as follows: 

Primers used: 

527 Reverse (SEQ TD NO: 2) : 
5 ' -CAGGAAACAGCTATGAC-3 " 
599 E8VHf-PstR (SEQ ID NO: 3) : 
3 ' -CGGCTCCAAGTCGACGTCGTCA-5 • 

544 E8VHf-PstF {SEQ ID NO: 4) : 

5 '-CAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAAGCCAGGGGCCTCAGTCAAGTTGTCCTGCA 
CAGCTTCTGGCTTCAACATTAA-3 ' 

545 E8VHf-XbaR (SEQ ID NO: 5) : 

3 '-AGACCGAAGTTGTAATTTCTGTGGATArACGTGACCCACTTCGTCTCCGGACTTTTCCCAG 
ATCTCACCTAACCTTCCTAA-5 ' 

546 E8VHf-XbaF (SEQ ID NO: 6) : 

5 ■ -AAGGGTCTAGAGTGGATTGGAAGGATTGATCCTGCGAGrGGTAATACTAAATATGACCCGA 
AGGACAAGGCCACTATAACAGCA-3 ' 

547 E8VHf-EcoR (SEQ ID NO: 7) : 

3 '-TTCCTGTTCCGGTGATATTGTCGTCTGTGTAGGAGGTTGTGTCGGATGGATGTCGACTTAA 

GGGAC-5 ' 

548 E8VHf-EcoF (SEQ ID NO: 8) : 
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5 ' -CAGCTGAATTCCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCTGGT-S ' 
549 E8VHf-BstR (SEQ ID NO: 9) : 

3 • -CAGATAATGACACGACCAATACTAATGCCGTTGAAACTGATGACCCCGGTTCCGTGGTGCC 
AGTGGCACAAGG-5 ' 

590 His6-SmaR (SEQ ID NO: 10) : 

3 '-GGTTCTCTAACAGTAGTGGTAGTAGTGGTAATTATTCTCGATAGGGCCCTCGAA-5 ' 
542 E8VLf-SacF (SEQ ID NO: 11) : 

5 ■-GACATCGAGCTCACCCAGTCTCCAGCCTCCCTTTCTGCGTCTGTGGGAGAAACTGTCACCA 

TCACATGT-3 ' 

539 E8VLf-KpnR (SEQ ID NO: 12) ; 

3 ' -TGACAGTGGTAGTGTACAGCTCGTTCACCCTTATAAGTGTTAATAAATCGTACCATGGTCG 
TC-5 ' 

542 E8VLf-KpnF {S2Q ID NO: 13) : 

5 • -GCATGGTACCAGCAGAAACCAGGGAAATCTCCTCAGCTCCTGGTCTAT-3 ' 

543 E8VLf-BamR (SEQ ID NO: 14) : 

3 '-GGAGTCGAGGACCAGATATTACGTTTTTGGAATCGTCTACCACACGGTAGTTCCAAGTCAC 
CGTCACCTAGGCCTTGTGTT-5 ' 

562 E8VLf-XhoR (SEQ ID NO: 15) : 

3 • -TCATGAGGCACCTGCAAGCCACCTCCGTGGTTCGAGCTCTAGTTT-5 ' 

563 ESVLf-XhoF (SEQ ID NO: IS) : 

5 • -AGTACTCCGTGGACGTTCGGTGGAGGCACCAAGCTCGAGATCAAA-3 ' 
613 NheR (SEQ ID NO: 17) : 
3 ' -ATCGACAGCT-5' 

600 ESVLKpnXhoR (SEQ ID NO: 18): 

3 ' -AAGCCACCTCCATGGTTCGAGCTCTAGTTT-5 ' 

LCP3ASC (SEQ ID NO: 19) : 

3 ' -TCGAAGTTGTCCTTACTCACAAGCCGCGCGGTCAGCTGAGGTAA-5 ' 
hCHlBst (SEQ ID NO: 20) : 

5 ' -ACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGG-3 ' 

hCHlmidAS (SEQ ID NO: 21): 

3 ' -GGGAGTCGTCGCAGCACTGGCACGGGAGGTCGTCGAA-5 ' 
hCHlmidS (SEQ ID NO: 22) : 

5 ' -GGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCC-3 ' 
hCHlH6 (SEQ ID NO: 23) : 

3 ' -GGGTCGTTGTGGTTCCACCTGTTCTTTCAACTCGGGTTTAGAACAGTAGTGGTAGTAGTGG 
TA-5 ' 
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hCHlH6Sma (SEQ ID NO: 24) : 

3 • -GGGTTTAGAACAGTAGTGGTAGTA.GrGGTAATTATTCTCGATAGGGCCCTCGAACG-5 ' 
^ 702 BstXhoF (SEQ ID NO: 25) : 

5 ' -GGCACCACGGTCACCGTCTCGAGCGCCTCCACC-3 ' 

Preparation of the heavy chain region in pFCAH3-E8T 

10 

[0105] 

(1 ) DNA fragments were prepared by PGR using pAALFab as a tempiate and primers 527-599 or primers 547-590. 

(2) DNA fragments were prepared by PGR using primers 544-545, primers 546-547, or primers 548-549. 

15 (3) The PGR products obtained in (1) and (2) were combined together. Then, PGR was carried out using primers 

527 and 590, and the products were cioned into pAALFab at the H//idili-S/77ai site. 
pFCAH3-E8T light chain region 

(4) DNA fragments were prepared by PGR using primers 542-562, or primers 561-613. 

(5) DNA fragments were prepared by PGR primers 538-539, or primers 542-543. 

20 (6) The PGR products obtained In (4) and (5) were combined together. Then, PGR was carried out using primers 

538 and 562, and the products were cloned Into pAALFab at the Sac\-Nhe\ site. 
pFCAH9-E8d 

(6) Preparation of VH stuffer region 

pFCAH3-E8T was double-digested with Xba\ and FcoRl.and both ends were blunted with klenow fragment. Then, 
25 the vector was self-llgated to prepare VH stuffer. 

(7) Preparation of VH stuffer region 

PGR was carried out using pFCAH3-E8T as a template and primers 527-600. The PGR products were cloned at 
H/ndiii-Xhoi site Into the constmct obtained in (6). 

(8) The constructed DNA was digested with Kpn\, and then seif-ligated to prepare VL stuffer. 
30 (9) Introduction of Sffl, Nco\, and Spei sites 

PGR was carried out using pFCAH3-E8T as a tempiate and primers 527-663. The PGR products were cioned at 
H//idiii-Saci site Into the construct obtained in (1). 

(10) introduction of Asd site 

PGR was carried out using pFCAH3-E8T as a tempiate and primers 527-LCP3ASC. The PGR products were 
35 cloned Into the construct obtained in (2) that had been completely digested with Sad and partially digested with Sa/i . 

(11) Replacement of the gamma CHI region with the human gene 

The human gamma CHI region has BsPl sites; the gene was cloned with a strategy to abolish the SsfPI sites. 
PCR was carried out using a cDNA derived from the tonsil as a tempiate and primers hCHI Bst-hCHImldS or 
primers hCH 1 mIdAS-hCH 1 H6. The PCR products were combined together; PCR was carried out using the mixture 
40 as a template and primers hCH1Bst-hCH16Sma. The DNA fragment was cloned at 6sfPI-Sma site Into the con- 

struct obtained In (3). 

(12) Introduction of Xhoslte 

PCR was carried out using the construct obtained In (11) as a template and primers 702-663, and the products 
were cloned at SsfPI-SacI site into the construct obtained in (11). 

45 

1 -2 Preparation of vector to transiently clone the heavy chain variable region 

[0106] First, the pAALFab vector (Fig. 2) was constructed according to a method l<nown to those skilled In the art 
(see Iba, Y. et al., GENE 194 (1997) 35-46). The Xbai-EcoRi fragment was deleted from the pAALFab vector, and 
50 restriction enzyme digestion sites Kpn\, Sfti, Nco\, and Spei were newly added to the vector. The vector pscFv- 
CA-E8VHd (Fig. 2) allowing the cloning of VH (heavy chain variable region) was finally constructed via pFCAH3-E8T. 
The vector constructed was used as a vector to transiently clone the heavy chain variable region. The nucleotide 
sequences of the inserts in pscFvCA-E8VHd are shown in Fig. 7, and restriction enzyme sites and the amino acid 
sequences encoded by the nucleotide sequences are shown in Fig. 8 and 9. 
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Specifically, tlie procedures are as follows: 
[0107] 

Primers used: 

610 scBstSpeSacF (SEQ ID NO: 26) : 

5 '-CACCACGGTCACCGTCTCCTCAGGCGGTGGCGGATCAGGTGGCGGTGGAAGTGGCGGTGGT 
GGGTCTACTAGTGACATCGAGCTCACCCAG- 3 ' 

611 scBstSpeSacR (SEQ ID NO: 27) : 

3'-GTGGTGCCAGTGGCAGAGGAGTCCGCCACCGCCTAGTCCACCGCCACCTTCACCGCCACCA 

CCCAGATGATCACTGTAGCTCGAGTGGGTC-5 ' 

527 Reverse (SEQ ID NO: 28) : 

5 ' -CAGGAAACAGCTATGAC-3 ' 

619 E8VHf-SfiNcoPstR (SEQ ID NO: 29] : 

3 ' -GACGCCGGGTCGGCCGGTACCGGCTCCAAGTCGACGTCGTCA-5 ' 

Primers 610 and 611 were anneaied together, and then cloned into pFCAH3-E8T at the BsP\-Sac\ site. Single chain 
preparation was carried out based on this construct. Further, PGR was carried out using primers 527 and 619, and the 
resulting products were inserted into the construct at the H/ndlll-Psfl site to introduce Sffl and Nco\ sites. 

[Example 2] Preparation of an Immunoglobulin light chain library 2-1 Isolation of Immunoglobulin light chain genes 
using PGR 

[0108] 2.6 iig mRNA was extracted from bone marrow cells (specimen No.59) 4x10^ cells, umbilical blood lym- 
phocytes or peripheral biood lymphocytes using a commercially available kit (QuIckPrep Micro mRNA Purification Kit; 
Pharmacia Biotech). cDNA was prepared from the mRNA. cDNA preparation was carried out with the Superscript 
Preampiif ication System from GibcoBRL. The primer used was oilgo dT. PGR was carried out using the obtained cDNA 
as a template and 5' primer (k1 to k6, k^ to TdS) and 3' primer (hCKASC primer or hCLASC primer) for the light chain 
gene. After being treated with phenol, the PGR products were ethanol-precipltated. The DNA was suspended in 1 0 ^1 
of TE buffer. The nucleotide sequences of the primers and PGR condition used are as follows. The underlines in the 
nucleotide sequence of the primers for the light chain gene indicate SA1 or Asd site. 

5 ' -primer Kl to K6 
hVKla (SEQ ID NO: 30) : 

GTCCTCGCAACTGC GGCC CAGCC GGCCA TGGCC GACATCCAGATGACCCAGTCTCC 
hVK2a (SEQ ID NO: 31) : 

GTCCTCGCAACTGC GGCC CAGCC GGCCA TGGCC GATGTTGTGATGACTCAGTCTCC 
hVKSa (SEQ ID NO: 32) : 
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GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCC GAAATTGTGTTGACGCAGTCTCC 
hVK4a(SEQ ID NO: 33) : 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCC GACATCGTGATGACCCAGTCTCC 
hVK5a (SEQ ID NO: 34) : 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCC GAAACGACACTCACGCAGTCTCC 
hVKSa (SEQ ID NO: 35) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC GAAATTGTGCTGACTCAGTCTCC 
5 ' -primer Xl to X,6 
hVLl (SEQ ID NO: 36) : 

GTCCTC6CAACTGC GGCC CAGCC GGCCA TGGCC CAGTCTGTGTTGACGCAGCCGCC 
hVL2 (SEQ ID NO: 37) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGTCTGCCCTGACTCAGCCTGC 
hVK3a (SEQ ID NO: 38) : 

GTCCTCGCAACTGC GGCC CAGCC GGCCA TGGCC TCCTATGTGCTGACTCAGCCACC 
hVL3b (SEQ ID NO: 39) : 

GTCCTCGCAACTGC GGCC CAGCC GGCCA TGGCC TCTTCTGAGCTGACTCAGGACCC 
hVL4 (SEQ ID NO: 40) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CACGTTATACTGACTCAACCGCC 
hVL5 (SEQ ID NO: 41) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGGCTGTGCTCACTCAGCCGCC 
hVL6 (SEQ ID NO: 42) : 

GTCCTCGCAACTGC GGCC CAGCCGGCCATGGCC AATTTTATGCTGACTCAGCCCCA 
3' primer hCKASC (SEQ ID NO: 43) : 
TCGACT GGCGCGCC GAACACTCTCCCCTGTTGAAGCTCTTTGTG 
3' primer HCLASC (SEQ ID NO: 44) : 
TCGACTGGCGCGCCGAACATTCTGTAGGGGCCACTGTCTTCTC 



PCR condition 


cDNA 


2^1 


1 0x buffer #1 (attached to KOD) 


10[j,l 


dNTP mix (2.0 mM) 


lOjil 


25 mlVI MqC\2 


4|il 


5' primer (1 00 pmoi/n.1) 


1 Hi 


3' primer (1 00 pmoi/jxi) 


1 Hi 


steriiized iVIiiiiQ 


71 \l\ 


KOD DNA polymerase (Toyobo 2.5U/ii\) 


1jxl 


35 cycies of: 94°C, 1 minute; 55°C, 2 minutes; 74°C, 
1 minute. 
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2-2 A method for preparing a light chain gene library by selecting light chains suitable for preparing the library 

2-2-1 Insertion of the light chain gene into a phagemid 

[0109] The PGR product obtained in Example 1 was treated with restriction enzymes under the following condition: 



PGR product 




10 Hi 


1 0x NEB4 (attached to Asd) 




5^1 


1 0x BSA (attached to Sfi\) 




5^il 


sterilized MilliQ 




28 ^ii 


Asd (10 U/nl; NEW ENGLAND Biol 


abs Inc.) 


1Hl 


Sm (20 U/^l; NEW ENGLAND Biolabs Inc.) 


1fil 



15 [0110] The reaction mixture was incubated at 37°G for one hour and then at 50°G for one hour. After reaction, a 
1 Q-[l\ aliquot of the mixture was electrophoresed in an agarose gel. A band of approximately 600 bp was cut off and 
the DMA was purified using a Gene Glean II Kit (Funakoshi). pFGAH9-E8d (Fig. 2) was treated with the same restriction 
enzymes as used to digest the PGR products, and then purified using a Gene Glean II Kit. The vector was ligated with 
the restriction enzyme-treated PGR products by incubating at 16°G for a period from 4 hours to overnight under the 

20 following condition. 



pFCAH9-E8d treated with restriction enzyme 


2^1 


PGR product treated with restriction enzyme 


1 ^1 


lOx ligation buffer 


1.5 ^,1 


(attached to T4 DNA ligase) 




lOmlVI ATP 


1.5 1^1 


sterilized IVIilliQ 


8^1 


T4 DNA ligase (10 U/n,l; Takara Shuzo) 


1jil 



30 

2-2-2 Introduction of phagemid into E. coli 

[0111] E. CO/; DH12S was transformed with the obtained DNA ligate as follows. Specifically, the DNA ligate was 
ethanol-precipitated once, and then dissolved in 3 \i\ of 1/5TE (which is TE diluted 5 times with sterilized MilliQ). A 
35 1 .5-(i.l aliquot of the solution was combined with 20 ^,1 of a liquid of competent cell DH12S (GIBGO BRL) and then the 
DNA was electroporated into the E. co// cells under the following condition: 



Electroporator 


Gell-Porator (BRL; Gat. series 1600) 




Settings; voltage booster 


4kn 


capacitance 


330 |.iF 


DG volts 


LowO 


charge rate 


Fast 



2-2-3 Secretion of an Fab-cp3-type antibody from E. co// cells transformed with phagemid into medium 

[01 1 2] The above-mentioned transformed E. co// cells were inoculated to 2ml of transformation medium (SOB) . After 
the cells were cultured while being shaken at 37°C for one hour, an aliquot of the culture was plated on an agar medium 
(ampicillin plate). The remaining was cultured in 2x YT medium containing 0.1% glucose and 1 00 ng/ml ampicillin, and 
then stored as a glycerin stock. The agar plate was incubated at 30°C, and then colonies grown were picked up with 
toothpicks for isolation. Plasmids were prepared from the colonies. The nucleotide sequences of the light chain genes 
were determined using the plasmids. 

SOB medium: the following components were added to 950 ml of purified water; the mixture was shaken to dissolve 
them completely. Then, 10ml of 250mM KCI solution was added to the solution, and the pH of the mixture was adjusted 
to 7.0 using 5N NaOH. The volume of the mixture was adjusted to 1 ,000 ml by adding purified water thereto, and 
sterilized by autoclaving for 20 minutes. Immediately before use, 5 ml of sterilized 2M MgGl2 was added to the medium. 
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bacto-tryptone 


20g 


bacto-yeast extract 


5g 


NaCI 


0.5g 



2x YT medium: the following components were added to 900 ml of purified water, and the mixture was shaken to 
dissolve them completely. The pH of the mixture was adjusted to 7.0 using 5N NaOH. The volume of the mixture was 
adjusted to 1 ,000 ml by adding purified water thereto. The medium was sterilized by autoclaving for 20 minutes. 



bacto-tryptone 


16g 


bacto-yeast extract 


10g 


NaCI 


5g 



[0113] Other reagents were purchased from the following suppliers. 



Supplier 


Name of item 


Sigma 


Ampicillin sodium salt 


Wake Pure Chemical Industries 


Phenol 


Sigma 


BSA 


DIFCO 


2x YT medium 


Wake Pure Chemical Industries 


Kanamycin sulfate 


Nacalai Tesque 


Polyethylene glycol 6000 


Nacalai Tesque 


Tween20 


Katayama Chemical 


NaCI 


Wako Pure Chemical Industries 


IPTG 


Wako Pure Chemical Industries 


Skimmed milk 


Wako Pure Chemical Industries 


Sodium azide 


Wako Pure Chemical Industries 


Triethylamine 


Wako Pure Chemical Industries 


Hydrogen peroxide 


Wako Pure Chemical Industries 


OPD tablet 


Wako Pure Chemical Industries 


ethanol 



[0114] The above-mentioned treatment was practiced for all of k1, k2, k3, k4, k5, andK6, andXI, A2, A3a, X3b, X4, 
X5, A,6, X7, IS, IS, and X\ 0 to confinn whether clones of interest were isolated. Then, clones from each group such as 
k1 and k2 were combined together so that the combining ratio could mimic the in vivo distribution. It has been known 
how the expression levels are actually distributed in vivo with respect to genes of the respective light chain groups. To 
prepare a VL library, these gene clones amplified by PCR and inserted into the vector were combined together so that 
the combining ratio could mimic the in vivo distribution. The component ratio of the respective families in the VL library 
is shown below. 



Table 2 



45 



Family 


In VIVO distribution (%)* 


Component ratio in the VL library (%) 


Component ratio in KL200 (%) 


Vk1 


39 


37 


30.7 


Vk2 


12 


12 


19.8 


Vk3 


36 


35 


33.7 


Vk4 


12 


12 


10.9 


Vk5 


1 


2 


5.0 


Vk6 




2*** 


0.0 



* Griffith AD et ai. EMBO J. (1994) 13, 3245-60. 
** No description in the report 

*** Mixture containing equai amounts of cDNA prepared with primer VK6-2 and cDNA prepared with primer VK6-3 
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Table 3 



Family 


In vivo distribution (%) * 


Component ratio in the VL library 
(%) 


Component ratio in KL200 (%) 


VI1 


43 


41 


34.1 


VX2 


15 


15*3 


15.2 


VX3 


34 


32*4 


25.3 


VI4 


0 


1.5*5 


0.0 


V15 


0 


1.0*6 


11.1 


VX6 


0 


1.0 


14.1 


VI7 


6 


6 


0.0 


V18 


1 


1 


0.0 


VX9 


1 


1 


0.0 




.*2 


1 


0.0 



20 ' Griffith AD et ai, EiVIBO J. (1994) 13, 3245-60. 

*2 No description in the report 

*3 Mixture containing 5% of cDNA prepared with primer VL2 and 10% of cDNA prepared with primer VL2-2 
'4 iWixture containing 1 7% of cDNA prepared with primer VL3a-2 and 1 5% of cDNA prepared wltti primer VL3b 

*5 Mixture containing 0.5% of cDNA prepared with primer VL4a, 0.5% of cDNA prepared with primer VL4b, and 0.5% of cDNA prepared with primer 

25 

*6 Mixture containing 0.5% of cDNA prepared with primer VLSabde and 0.5% of cDNA prepared with primer VL5c 



[0115] Then, sequencing was carried out to confirm the nucleotide sequences of approximately 1 ,000 types of light 
chain genes selected at random from the VL library. Specifically, the nucleotide sequences were determined by the 
dideoxy method using a fluorescent primer huCHU (5'-ATTAATAAGAGCTATCCCGG-3' /SEQ ID NO: 45) and a thermo 
sequence kit (Amersham Pharmacia) in the automatic sequencer LI -COR4200L(S)-2 (Aloka). Redundant clones were 
removed after the determined nucleotide sequences were compared. Further, clones which had been confirmed to 
have no deletion as compared with the data in DNA databases were combined with a clone for the heavy chain gene, 
VH3-4, whose expression had previously been confirmed. With such combinations, the expression was studied exper- 
imentally. The procedure used is described below. The amino acid sequence of VH3-4 is shown in SEQ ID NO: 1 . 
[0116] First, VH3-4was double-digested with HindW andX/jolto obtain the heavy chain gene, and then purified with 
a Gene Clean II Kit. On the other hand, clones of light chain genes, which had been confirmed to have no deletion, 
were also double-digested with H;ndlll and Xho\ to obtain the light chain genes, and then purified using a Gene Clean 
II Kit. The fragments were ligated with the VH3-4 heavy chain gene to prepare a series of combinations of the genes. 
E. coll DH12S was transformed with the obtained DNA ligate. The colonies grown were inoculated to media in test 
tubes, and the expression was induced by adding IPTG thereto. Thus, the Fab-cp3-type antibodies were expressed 
and secreted into culture supernatants. Even without infecting helper phage, the Fab-cp3-1ype antibodies were ex- 
pressed and secreted into culture supernatants, when the culture was continued for about 20 hours. ELISA was carried 
out using these culture supernatants by the following procedure. 

2-2-4 ELISA test for the exact expression and association of the heavy chain and light chain 
(1) Preparation of 96-well microliter plates on which an antibody has been Immobilized 

[0117] A solution of anti-K antibody (MBL; Code No. 159) was diluted to 1 .25 |i,g/ml with 0.01 M sodium phosphate 
buffer (pH8.0) containing 0.1% NaNg, and IOO-liI allquots of the solution were added to a microtiter plate. The antl-K 
antibody was immobilized (adsorbed) on each well by allowing the plate to stand still at 4°C overnight. The reaction 
solution was discarded, and 200 ^il of 0.01 IVI sodium phosphate buffer (pH8.0) containing 5% BSA and 0.1% NaNg 
was added to each well of the microtiter plate. To prevent non-specific adsorption, the plate was subjected to blocking 
treatment, which was carried out by allowing the plate to stand still at 37°Cfortwo hours. 

[01 1 8] Then , an anti-A, antibody (MBL code No.1 59), whose non-specific reactivities had been blocked by absorption, 
was diluted to 2.5 [xg/ml with 0.01 M sodium phosphate buffer (pH8.0) containing 0.1% NaNs, and 1 00-^.1 aliquots were 
added to the microtiter plate. The plate was allowed to stand still in a cold room overnight. The reaction solution was 
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discarded, and 200 |xl of 0.01 M sodium pliosphate buffer (pHS.O) containing 5% BSA and 0.1% NaNg was added to 
each well of the microtiter plate. To prevent non-specific adsorption, the plate was subjected to blocking treatment, 
which was carried out by allowing the plate to stand still at 37°C for two hours. 

5 (2) Primary reaction 

[0119] 100 each of a human Fab solution (10 ^.g/ml) as a positive control and PBS/0.1% NaNj as a negative 
control was added to a microtiter plate. The expression of Fab-cp3-type antibody was induced by adding IPTG. 100-^1 
aliquots of the original culture supernatants were added to the microtiter plate, and the plate was incubated at 37°C 
to for one hour. 

(3) Secondary reaction 

[01 20] The microtiter plate after the primary reaction was washed five times with 0.05% Tween20-PBS. Then, 1 0O-jxl 
15 aliquots of an anti-Fd antibody solution diluted to 1 jig/ml with PBS/0.1 % NaNg were added to the microtiter plate. The 
plate was Incubated at 37°C for one hour. 

(4) Tertiary reaction 

20 [0121] The microtiter plate after the secondary reaction was washed five times with 0.05% Tween20-PBS. Then, 
100-|xl aliquots of alkaline phosphatase-conjugated anti-sheep IgG antibody diluted with PBS/0.1% NaNs (4000-fold 
dilution) were added to the microtiter plate. The plate was incubated at 37°C for one hour. 

(5) Color development and spectrometry 

25 

[0122] The microtiter plate after the tertiary reaction was washed five times with 0.05% Tween20-PBS. Then, 1 00-|xl 
aliquots of a coloring substrate solution (SIGMA 1 040; a phosphatase substrate tablet of SIGMA 1 0401 was dissolved 
in 5 ml of 50 mM diethanol amine (PH9.8)) were added to the microtiter plate. The plate was incubated at room tem- 
perature. When the absorbance at 405 nm reached 0.5 or more, a stop solution was added to the plate. The absorbance 
30 was determined by spectrometry in a plate leader (TItertek Multiscan MCC). 

[0123] Clones assessed as positive (the absorbance was 0.5 or more) by ELISA were assumed to successfully 
express the Fab-cp3-type antibody and hold. Then, from such clones, 1 00 clones having higher reactivity were selected 
for each of k chain gene and X chain gene. The two sets of clones were combined together to prepare the library KL200 
which was a collection of clones successfully expressing the Fab-cp3-type antibody and holding. 

[Example 3] Preparation of a combinatorial library comprising light chain gene library and heavy chain gene library 

3-1-1 Isolation of immunoglobulin heavy chain genes by PGR 

40 [0124] cDNA was prepared from lymphocytes of umbilical blood, bone marrow fluid, and peripheral blood, and tonsil 
by the same procedure as used in Example 2-1 using human .u primer (primer 634 indicated below) or random hexamer. 
PGR was carried out using the cDNA as a template and 5' primers (VH1 to VH7) and a 3' primer (a mixture containing 
equal amounts of four types of human JH primers; primers 697 to 700 indicated below), or human \x. primer (primer 
634 indicated below), which had been designed to clone human antibody heavy chain genes; the primers are listed 

45 below. In the Table, Sfi\ sites are underlined. Since hVH2adoes notbelong to the germ line VH2 family, VH2a-2 primer 
was newly designed. In addition, since hVH4a does not correspond to all the VH4 family, hVH4a-2 primer was newly 
designed. Further, since VH5a does not correspond to the germ line VH5 subfamily, VH5a-2 primer was newly designed. 
A new primer hVH7 was designed for VH7. These genes were also amplified, and inserted into pscFvCA-E8VHd(0-2). 
The nucleotide sequences were determined to confirm the structures of amplified genes. The sequence of hVH5a-2 

50 was highly homologous to that of hVH1 a, and thus the gene product was predicted to be similar to that from the PGR 
product amplified with hVHIa; therefore, hVH5a-2 was not used. After being phenol-treated, the PGR products were 
ethanol-precipitated and suspended in 10 jxl of TE buffer. 



55 534 humJlCHlR (SEQ ID NO: 46) : 

ATGGAGTCGGGAAGGAAGTC 



27 



EP 1 264 885 A1 

[0125] Primes used for amplifying genes of eacli VH family Human VH primer (Sftl sites are underlined) 

628 hVHla (SEQ ID NO: 47) : 

6TCCTCGCAACTGC GGCC CAGCC GGCCA TGGCC CAGGTGCAGCTGGTGCAGTCTGG 

629 hVH2a (SEQ ID NO: 48) : 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCC CAGGTCAACTTAAGGGAGTCTGG 

630 hVH3a (SEQ ID NO: 49} : 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCC GAGGTGCAGCTGGTGGAGTCTGG 

631 hVH4a (SEQ ID NO: 50) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGGTGCAGCTGCAGGAGTCGGG 

632 hVH5a (SEQ ID NO: 51): 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGGTGCAGCTGTTGCAGTCTGC 

633 hVH6a (SEQ ID NO: 52): 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGGTACAGCTGCAGCAGTCAGG 
629-2 hVH2a-2 (SEQ ID NO: 53) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGRTCACCTTGAAGGAGTCTGGTCC 
631-2 hVH4a-2 (SEQ ID NO: 54) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGGTGCAGCTACAGCAGTGGGG 

632-2 hVH5a-2 (SEQ ID NO: 55) ; 

GTCCTCGCAACTGC GGCC CAGCC GGCCA TGGCC GAGGTGCAGCTGGTGGAGTCTGG 
712 hVH7 (SEQ ID NO: 56) : 

GTCCTCGCAACTGC GGCC CAGCC GGCC ATGGCC CAGGTGCAGCTGGTGCAATCTGGGTCTGAGT 
Hiirtian JH primer (BstPI and Xhol sites are underlined) 

697 hJHl-2 (SEQ ID NO: 57) : 
GGTGGAGGC ACTCGAGA C GGTGACC AGGGTGC 

698 hJH3 (SEQ ID NO: 58) : 
GGTGGAGGC ACTCGAGA C GGTGACCA TTGTCC 

699 hJH4-5 (SEQ ID NO: 59) : 
GGTGGAGGCA CTCGAGA C GGTGACCA GGGTTC 

700 hJH6 (SEQ ID NO: 60) : 
6GTGGAGGCA CTCGAG AC GGTGACC GTGGTCC 



cDNA 


2^1 


10x buffer #1 (attached to KOD) 


10^1 


dNTP mix (2.0 mlVI) 


10 til 


25 mM MgCIa 


4^1 


5' primer (100 pmol/.ul) 


1^1 
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(continued) 






\ ~ 1 


sterilized IVIilliQ 


71 ^il 


KOD DNA polymerase (2.5 U/jil; Toyobo) 




PGR condition: 35 cycles of: 94°C, 1 minute; 55°C, 2 minutes; 74°C, 1 
minute. 



3-1-2 Preparation of heavy cliain gene library 

[0126] The PGR products obtained in 3-1-1 were treated with restriction enzymes under the following condition: 



PGR product 


lOjil 


1 0x K buffer (Takara Shuzo) 


5^1 


sterilized MiiiiQ 


33 nl 


Hindlli (15 U/ui; Takara Shuzo) 


1 Hi 


Xho\ (12 U/Lil; Takara Shuzo) 


1 Hi 



20 [0127] The reaction mixture was incubated at 37°C for two hours. After reaction, a 10-^,1 aliquot of the mixture was 
electrophoresed in an agarose gel. A band of approximately 400 bp was cut off and the DNA was purified using a Gene 
Glean II Kit (Funakoshi). pscFvGA-ESVHd (Fig. 2) were treated with the same restriction enzymes as used to digest 
the PGR products, and then purified using a Gene Glean II Kit. The vector was ligated with the restriction enzyme- 
treated PGR products by incubating at 16°G for a period from 4 hours to overnight under the following condition. 

25 



Restriction enzyme-treated pscFvCA-E8VHd 


2 til 


Restriction enzyme-treated PGR product 


1 ^1 


1 0x ligation buffer (attached to T4 DNA ligase) 


1 .5 |.lI 


lOmM ATP 


1.5 1^1 


sterilized MilliQ 


8nl 


T4 DNA ligase (10 U/jxl; Takara Shuzo) 





3-1-3 Introduction of phagemid into E. coli 

[0128] E. CO// DH12S was transformed with the obtained DNA ligate. Specifically, the DNA was ethanol-precipitated 
once, and then dissolved in 3 n,l of 1/5TE (which is TE diluted 5 times with sterilized MilliQ). A 1 .5-^1 aliquot of the 
solution was suspended in 20 n,l of a solution of competent cell DH12S (GIBCO BRL), and then the DNA was trans- 
formed into the E. co// cells by electroporation. 

40 



Electroporator 


Gell-Porator (BRL; Gat. series 1600) 




Settings; voltage booster 


4 kn 


capacitance 


330 [i F 


DG volts 


Lown 


charge rate 


Fast 



[0129] The E. coli cells transformed by the above-mentioned procedure were inoculated to 2ml of transformation 
medium (SOB). After the cells were cultured while being shaken at 37°C for one hour, an aliquot of the culture was 
plated on an agar medium (ampicillin plate). The remaining was cultured in 2x YT medium containing 0.1% glucose 
and 100 |i,g/ml ampicillin, and then stored as a glycerin stock. The agar plate was incubated at30°C, and then colonies 
grown were picked up with toothpicks for isolation. Plasmids were prepared from the colonies, and the nucleotide 
sequences of the heavy chain genes were detennined using the plasmids. The above-mentioned treatment was prac- 
ticed for all of VH1 to VH7 to confinn whether clones of interest were isolated. Then, to prepare a VH library, clones 
from each group (family) were combined together so that the combining ratio could mimic the in vivo distribution. The 
component ratio of the respective families in the VH library is shown below. 
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Table 4 



Family 


In vivo distribution (%)* 


Component ratio in the VH library (%) 


VH1 


25 


29" 


VH2 


6.6 


7 


VH3 


40 


40 


VH4 


19 


19"* 


VH5 


5 




VH6 


3.8 


4 


VH7 


1.2 


2 



•Griffith AD et al. EMBO J. (1994) 13, 3245-60. 

" Actually, VH1 and VH5 are Inseparable In tabulation, because both are amplified with Identical primers. 

"* A mixture was piBpaied by combining cDNA synthesized with primer VH4 and cDNA synthesized with primer VH4-2 at this ratio. 



3-2 Preparation of a combinatorial gene library 

20 

[0130] 200 [xg of the VH library was double-digested with H/ndlll and Xho\ under the condition as described below 
to obtain the heavy chain gene, and the digest was purified with a Gene Clean II Kit. 



VH library 200 [ig 


100 ^il 


lOx K buffer (Takara Shuzo) 


40 


sterilized MIIIIQ 


205 il\ 


H/ndlll (40 U/|xl; Takara Shuzo) 


30 jxL 


Xho\ (50 U/llI; Takara Stiuzo) 


25 ^1 



[01 31 ] The light chain gene clone KL200, which had been confirmed to have no deletion, and the vector pFCAH9-EBd 
in which the VL library had been inserted, were also double-digested with H/ndlll and Xho\ underthe following condition. 
Then, the fragments containing the light chain gene were purified using a Gene Clean II Kit. 



pFCAH9-E8d containing KL200 or VL library 


as an insert 100 \ig 


100^1 


1 0x K buffer (Takara Shuzo) 


40 nl 


sterilized IVIilllQ 


230 nl 


H/ndlll (40 U/jil; Takara Shuzo) 


15^1 


Xho\ (50 U/jil; Takara Shuzo) 


15 Hi 



[0132] Then, the fragments of the VH gene library and pFCAH9-E8d vector in which the light chain gene had been 
inserted were ligated together under the following condition at 16°C overnight. 



Restriction enzyme-treated 


Fragments of the VH library 10 |xg pFCAH9-E8d containing 


50jj,l 


Restriction enzyme-treated KL200 or Fragments of the VL library 40 jxg 


50 til 


10x iigation buffer (attached to theT4 DNA ligase) 


100^,1 


10 mM ATP 


100 jjL 


Sterilized MIIIIQ 


670 ^il 


T4 DNA ligase (10 W\i\; Takara Shuzo) 


30^,1 



[0133] E. C0//DH12S was transformed with the DNA after the reaction. Specif icaliy. the DNA was ethanol-precipitated 
once, and then dissolved in 30 ^.1 of 1/5TE (which is TE diluted 5 times with sterilized MilliQ). The DNA solution was 
combined with 500 n,l of competent cell DH12S (GIBCO BRL), and then electroporation was carried out. 
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Electroporator 


Cell-Porator (BRL; Cat. series 1600) 




Settings; voitage booster 
capacitance 
DC volts 

charge rate 


4 kO 
330 ^iF 
LowO 
Fast 



[0134] The E. co// cells after the above-mentioned treatment were inoculated to 12ml of transformation medium 
(SOB). After the cells were cultured while being shaken at 37°C for one hour, an aliquot of the culture was plated on 
an agar medium (ampiclllin plate). The remaining was cultured In 500 ml of 2x YT medium containing 0.1% glucose 
and 100 [xg/mi ampicillin, and then stored as a glycerin stock. The agar plate was incubated at 30°C, and then the 
number of clones obtained was estimated based on the number of colonies grown. 5x101° clones were obtained for 
each library. 

[0135] cDNAs of each VH family, which had been synthesized from tonsil mRNA using random hexameras aprimer 
were cloned into pscFvCA-E8VHd vector. The cDNA constructs were combined with KL200 to prepare a combinatorial 
library AIMS1 (the number of independent clones was 1 .28x 1 0^°). 

[0136] cDNAs of each VH family, which had been synthesized from mRNAsfrom umbilical blood, bone marrow fluid, 
peripheral blood, and tonsil using the human m primer, were cloned into pscFvCA-EBVHd vector. The cDNA constructs 
were combined with KL200 to prepare a combinatorial gene library AIMS2 (the number of independent clones was 
3.20X 1010). 

[0137] The library of VH family cDNAs, which had been synthesized from mRNAs prepared from umbilical blood, 
bone marrow fluid, peripheral blood, and tonsil using the human m primer, was combined with the VL library to prepare 
a combinatorial library AIMS3 (the number of independent clones was 4.50x 10i°). 
[01 38] Another combinatorial library was prepared by combining the libraries at the following ratio: 
(AIMS1+AII\/IS2) :AINS3 =1:1. The resulting phage antibody library was named AIMS4 and contained 1x IQH inde- 
pendent clones. 



3-3 Preparation of phage libraries using the combinatorial gene libraries 
3-3-1 Preparation of phage libraries 

[0139] 2.5 ml of an AIMS4 suspension was added to 300 ml of 2x YT medium containing 1% glucose and 100 [xg/ 
ml ampicillin in a 5-liter flask. Culture was continued at 37°C while the flask was being shaken. The absorbance at 
wavelength 600 nm was measured at 1-hour intervals. The incubation was continued until the absorbance reached 
1 .0. 12 ml/flask of helper phage liquid (M13K07) was added to the culture medium to infect the helper phage. Culture 
was continued at 37°C for 2 hours. Thus, helper phage-infected DH12S cells were prepared. 
[0140] 600 ml of 2x YT medium, 1 .2 ml of 100 jig/ml ampicillin, 0.8 ml of 50 ^g/ml kanamycin, and 200 ml of the 
helper phage-infected DH1 28 suspension were added to twenty four 3-llter flasks. The flasks were incubated at 37°C 
while being shaken. The absorbance at wavelength 600 nm was measured at 2-hour intervals. Ampicillin was freshly 
added at a final concentration of 200 jig/mi to each flask at every absorbance measurement. Incubation was continued 
until the absorbance at wavelength 600 nm reached 1 .3. 

[0141] The bacterial cultures were centrifuged at 8,000rpm for ten minutes at 4°C, and the supernatants were col- 
lected. 4 liters of 20% polyethylene glycol/2. 5M NaCI was added to each supernatant. The mixture was stirred gently 
for about 20 minutes, and then centrifuged at 8,000 rpm for 20 minutes at 4°C. The resulting precipitate was dissolved 
in 1 liter of PBS. 200 ml of 20% polyethylene glycol/2. alVl NaCI was added to the solution and the mixture was stirred 
gently for about 20 minutes. Then, the mixture was centrifuged at 8,000 rpm for 20 minutes at 4°C. The supernatant 
was discarded, and the remaining material was further centrifuged at 8,000 rpm for three minutes at 4°C. The pellet 
was collected. The precipitate was dissolved in PBS containing 0.05% NaU^. The solution was centrifuged at 1 ,000 
rpm for 15 minutes at 4°C, and then the supernatant was collected. The supernatant was again centrifuged at 8,000 
rpm for three minutes at 4°C. The resulting supernatant was collected. 

[0142] The titer of recovered phage liquid was tested as described below. Specifically, the phage liquid was diluted 
10^ times, 10'' times, or 10^ times with PBS. A lO-.uL aliquot of the dilute was combined with 990 |il of DH12S for 
infection. The mixture was lncubatedat37°Cforonehour. A 100-^1 aliquot of the culture was plated on an LBGA plate. 
The plate was incubated at 30°C for 18 hours. The phage titer of original liquid before dilution was estimated based 
on the number of colonies. The phage stock solution was diluted with PBS containing 2% skimmed milk and 0.05% 
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NaNg to 2x 1 particles/ml. 

3-3-2 A method for enriching phage particles expressing Fab-cp3 on the surface 

5 [0143] The library prepared as described above was designed so that phage particles expressing Fab-cp3 on the 
surface could be selectively enriched and the level of contamination of helper phage particles and phage particles 
expressing no Fab-cp3 would be reduced. Specifically, His6 peptide (histidine tag) was attached to the C-termini of 
heavy chains expressed on the phages constituting the above-mentioned library. Phage particles expressing the his- 
tidine tag can be recovered simply by trapping them on nickel Ion or the like. Specifically, gel containing nickel ions 

to (NI-NTA agarose, etc) can be used. The procedure used was as follows. 

[0144] For blocking, NI-NTA agarose was Incubated In PBS containing 2% skimmed milk and 0.1% Tween-20 (here- 
inafter referred to as blocking buffer) at room temperature for 30 minutes. Then, In the blocking buffer, phages express- 
ing, on the surface. Fab comprising the heavy chain without HIs-Tag (pFCA-E9HL(|); phage His-) and phages expressing, 
on the surface. Fab comprising the heavy chain with HIs-Tag (pFCAH6-D1 .3HL(|); phage HIs-i-) were combined together 

15 at a ratio of: phage Hls-:phage HIs-i- = 100:1 . 250 jxl of the phage solution (1x 101° CPU In total) was combined with 
NI-NTA agarose, and the mixture was Incubated at room temperature for one hour. The NI-NTA agarose was washed 
with the blocking buffer, and then 500 \i\ of 0.5 IVI Immldazole (pH 7.55) was added thereto to elute the phage particles 
bound to the NI-NTA agarose. 

[01 45] The eluted phage particles were recovered according to the method as described below (Example 4-3). Then, 
20 the recovered clones were examined. Of 23 clones, 15 were phages of HIs-i- (Table 3). This suggests that NI-NTA 
agarose enriched Hls6 peptlde-contalning phage particles 53 times. 

[0146] The findings described In (4) demonstrate that this treatment can Improve the library performance or Increase 
screening efficiency. 





Phage without Hls6-tag 


Phage carrying Hls6-tag 


Before NI-NTA agarose treatment 


100 


1 


After NI-NTA agarose treatment 


15 


8 



[Example 4] Selection of phages binding to a specific antigen from a phage library (part 1) 

[01 47] A procedure of selecting phages binding to a specific antigen from a phage library Is herein referred as "screen- 
ing". Screening of the antibody library of the present invention was carried out using tetanus toxoid as an antigen. 

4-1 Preparation of test tubes to be used In the screening 

[0148] The concentration of the antigen (tetanus toxoid) was adjusted to 20 ng/ml with PBS, and a 3-ml aliquot of 
the solution was added to each of three test tubes (Maxisorp; Nunc). The mixtures were Incubated at4°Cfor 18 hours 
to absorb the antigen on the Inner surface of the tubes. After adsorption, the antigen solution was discarded, and a 
3-ml aliquot of a PBS solution containing 2% skimmed milk was added thereto. Blocking was carried out by Incubating 
the test tubes at 25°C for one hour, to avoid non-specific adsorption of phage antibodies on the test tubes. 



4-2 Screening method 

[01 49] A 3-ml aliquot of an AIMS4 phage library (1x 1 0^4 CFU) In 9 ml of PBS containing 2% skimmed milk and 0.1% 
Tween-20 was added to each of the three antlgen-lmmoblllzed test tubes. The tubes were Incubated at 25°C for 2 
hours, and then washed 4 times with PBS containing 0.1 % Tween-20, 4 times with PBS, and once sterilized extra pure 
water (prepared by MilliQ). 

[0150] Then, phage particles bound to the antlgen-lmmoblllzed test tubes were recovered by the procedure as de- 
scribed below. Specifically, 3 ml of 0.1 M triethylamlne (pH 12.3) was added to each test tube, and the tubes were 
Incubated while being rotated with a rotator at room temperature for 20 minutes to dissociate the phage particles from 
tube surface. Then, 1.1 ml of 1 MTrls-HCI buffer (pH6.8) was added to the tubes to neutrallzethe liquid. The neutralized 
phage solutions were collected. 
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4-3 Amplification of the collected phages 

[0151] The phage solutions collected were treated as follows: 

5 (a) the phage was infected to E. coli cells; 

(b) helper phage was infected to E. co// cells; and 

(c) the resulting phage particles were collected. 

[01 52] The phage particles in the solution were thus purified and amplified. 

10 

(1) Infection of phage particles to £. co// cells 

[0153] E. CO// (DH12S) cells were cultured in 50 ml of 2x YT medium, until the absorbance at 600 nm reached 0.5. 
Then, the phage solution prepared as described above was added to the culture. Shaking culture was continued at 
15 37°c for one hour. 

(2) Infection of helper phage 

[0154] A 62.3-ml aliquot of the culture solution obtained by (1 ) was added to 425 ml of 2x YT medium containing 
20 12.5 ml of 40% glucose and 0.5 ml of 100 jig/ml ample! II in. Culture was continued at37°C, until the absorbance at 600 
nm reached 0.5. Then, the culture liquid was centrifuged at 5,000 rpm at 4°C for ten minutes to precipitate the bacterial 
cells. The cells were collected and suspended in 300 ml of 2x YT medium containing 0.3 ml of 1 00 mg/ml ampicillin. 
A 1/100 volume of helper phage IVI13K07 was added to the culture, and then shaking culture was continued at 37°C 
for one hour. 

25 [0155] The culture solution was added to 900 ml of medium (2x YT medium containing 1 00 n.g/ml ampicillin and 70 
H-g/ml kanamycin) pre-warmed at 37°C. The resulting culture solution was incubated at 37°C overnight. 

(3) Phage recovery 

30 [0156] The culture solution prepared in (2) was centrifuged at 7,000 rpm for ten minutes at 4°C, and then a 1/5 
volume of 20% polyethylene glycol containing 2.5 M sodium chloride was added to the resulting supernatant. The 
mixture was allowed to stand still at room temperature for 20 minutes, and then centrifuged at 8,000 rpm for 1 5 minutes 
at 4°C. The pellet was collected, and sterilized PBS was added to the pellet in an amount that corresponded to 1/1 0 
of the volume of the culture solution , thereby dissolving the pellet. Again, a 1/5 volume of a solution of 20% polyethylene 

35 glycol containing 2.5 M sodium chloride was added to the suspension. The mixture was centrifuged at 1 0,000 rpm for 
20 minutes at 4°C, and then the supernatant was discarded. The sample was further centrifuged at 1 0,000 rpm for 2 
minutes at 4°C to remove residual liquid. PBS containing 0.05% NaNs, which corresponded to 1/100 volume of the 
culture solution, was added to the pellet to, suspend the phage particles. Thus, the phage particles were collected. 

40 4-4 Re-screening using the amplified phage 

[0157] Screening was repeated using the amplified phage particles and antigen-immobilized test tubes by the same 
procedure as used in Example 4-2. The washing step in the screening was important to dissociate the non-specifically 
adsorbed phage particles and to select phages having high affinity. Thus, the washing in the secondary and subsequent 
45 screening was carried out under the following condition. 

Secondary screening; 6 times with PBS containing 0.1% Tween-20, 6 times with PBS, once with sterilized extra pure 
water. 

Tertiary screening: 13 times with PBS containing 0.1% Tween-20, 13 times with PBS, once with sterilized extra pure 
water. 

50 

4-5 Method for evaluating phage screening 

[0158] When the ratio of (the total number of phase particles recovered from the antigen-immobilized test tube) / 
(the total number of phase particles in an antigen-immobilized test tube) becomes obviously smaller than that of the 
55 previous screening in screenings conductedseriallyaccordingtothemethod described in Example4-4, phage particles 
displaying the desired antibody are estimated to be enriched. The number of phage particles in the phage solution was 
determined by the following procedure. 
(1) A serial dilution of phage particles was prepared as follows: 
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[1] 1x10-2 dilution: 10 [xl of the phage soiution + 990 iil of PBS 

[2] 1x1 0-4 dilution: 1 0 jil of the dilute in [1 ] + 990 ,ul of PBS 

[3] 1x1 0-6 dilution: 1 0 ^,1 of the dilute in [2] + 990 ^1 of PBS 

[4] 1x10-8 dilution: 10 ^,1 of the dilute in [3] + 990 nl of PBS 

[5] 1x 10-9 dilution: loo^il of the dilute in [4] + 900 .ul of PBS 

[6] 1x 10-10 dilution: lOO^il of the dilute in [5] + 900 .al of PBS 

[0159] 990 ^1 of DH12S was combined with each of 10-,al aliquots of the dilutes prepared in [4], [5], and [6] in the 
serial dilution. The mixtures were incubated at 37°C for one hour for infection, and 1 00-^1 aliquots thereof were plated 
on LBGA plates, followed by incubation at 30°C for 18 to 24 hours. The resulting colonies grown were counted. Normally, 
in the above-described serial dilution, the dilute prepared in [4] provides 50 or more colonies on a plate. The phage 
titer (the number of phage particles) in 1 ml of the phage solution was estimated based on the number of colonies 
grown on the plate corresponding to the dilute prepared in [4] by the following formula. 

The number of phage particles in the phage stock solution = (the number 
of colonies/plate) x (1 x 10®) x 10^ cfu/ml 



20 [0160] The number of phage particles recovered was also estimated in the same way, and thereby the number of 
phage particles displaying the antibody against the antigen was determined for each screening. The result is shown 
in Table 6. 



Table 6 



The number of 
screening 
repetitions 


The number of 
washing repetitions 


The number of 
phage particles used 


The number of 
phage particles 
recovered 


(The number of 
phage particles 
used)/(The number 
of phage particles 
recovered) 


1 


4 


1 .15:<10i4 


6.1x108 


1.9X105 


2 


6 


3.9X1013 


2.2X107 


1.8X106 


3 


8 


1.2x1013 


5.4x108 


2.2X104 



4-6 Determination of antigen-binding activity (affinity) of antibodies obtained through screening 



[01 61] The antigen-binding activity (affinity) was determined forthe antibodies selected by the screening as described 
above. Not phage antibodies but Fab-cp3-type antibodies were used as samples for determining the affinity. The assay 
40 method used was ELISA using 96-well microliter plates. The method for inducing the expression of Fab-cp3-type 
antibodies is described below in detail in Example 4-7. 

[0162] First, ELISA plates were prepared as follows. 100 ^1 of 20 jig/ml antigen was added to each well of 96-well 
microliter plates (IVIaxisorp; Nunc), and then the plates were incubated at 4°C for 18 hours for immobilization. 200 ul 
of 5% BSA (blocking solution) was added to each well, and then the plates were incubated at 37°C for one hour for 

45 blocking. After the blocking solution was discarded, the plates were washed once with PBS. These plates were used 
for determining the affinity. 1 00 ^1 of the culture supernatant recovered by the procedure as described in Example 4-7 
was added to each well. The plates were incubated at 25°C for one hour. After incubation, the plates were washed 
fourtimes with PBS. 1 00 ^1 of peroxidase-conjugated anti-human IgG (IVIedical and Biological Laboratories Co.), which 
had been diluted 5,000 times, was added to the plates. The plates were incubated at 25°C for one hour, and then 

50 washed again four times with PBS. 100 \i\ of a solution containing ortho-phenylenediamine and hydrogen peroxide 
was added to the plates. After the plates were incubated for a desired time, 1 00 n,l of 1 .5 N phosphoric acid was added 
thereto to stop the reaction. The absorbance measured at a wavelength of 492 nm. Thus, of the 96 clones, 77 clones 
were confirmed to have the activity (Fig. 10). 

[01 63] Further, it was tested whether 37 clones selected from the 77 clones had the neutralizing activity or not. Clones 
55 marked with circle in Table 7 were tested for the neutralizing activity. At the time of testing the neutralizing activity, the 
nucleotide sequences of the clones had not yet been determined; some of the clones might share identical DMA se- 
quences. The nucleotide sequences of the clones were determined and compared to one another Thus, clones sharing 
an identical nucleotide sequence are categorized into an identical group in Table 7. By the comparison carried out after 
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sequence determination, it was confirmed that clones sharing an identical DNA sequence showed equivalent level of 
affinity determined by ELISAto each other. 

4-7 Induction of expression of Fab-cp3-tvpe antibodies 

5 

[0164] Phage-infected E. co// cells were cultured in 2x YT medium containing 1% glucose and 100 ng/ml amplclllln 
at 30°Cfor 18 hours. Then, a 5-^x1 aliquot of the culture was added to 1 .5 ml of 2x YT medium containing 0.1% glucose 
and 1 00 [xg/ml amplclllln. The mixture was Incubated at 30°C for 4 hours. Afterthe culture is completed, the absorbance 
at 600 nm, which corresponded to E. co// cell density, was about 0.5. 
w [0165] IPTG (lsopropyl-1 -thIo-p-D-galactoslde) was added at a final concentration of 1 mlVI to the culture. Incubation 
was continued at 30°C for 1 8 hours. A1 .5-ml aliquot of the culture was added to an Eppendorf tube, and centrifuged 
at 10,000 rpm for 5 minutes at 4°C. The resulting culture supernatant was collected and sodium azide was added 
thereto at a final concentration of 0.1%. The supernatant was used as a sample. 

[01 66] ELISA as described In Example 2-3 was used to determine whether the Fab-cp3-type antibody was expressed 
15 or not. Clones confirmed to be expressed were tested for deletion by agarose electrophoresis. Deletion was found In 
8 clones. All of these clones were confirmed to have no antlgen-blnding activity. 

4-8 Single-clone separation and phagemid purification 

20 [0167] E. co// clones were selected from the plates for single-colony separation, which had been prepared according 
to Example 4-5 " IVIethod for evaluating phage screening ", and then cultured In LBGA at 30°C for 18 hours. Then, 
phagemids were purified using a DNA extractor (PI-50 File No. 50) purchased from Kurabo. 

4-9 Identification of monoclonal antibodies 

25 

[0168] Sequencing was carried out to determine the nucleotide sequences of the genes encoding anti-tetanus toxin 
antibodies selected from the antibody library of the present Invention by screening. The heavy chain and light chain 
genes were sequenced using the primers listed below by the dideoxy method with a thermo sequence kit (Amersham 
Pharmacia) and an automatic sequencer L1-COR4200L(S)-2 (Aloka). The result is summarized In Table 7, where 
30 clones sharing an Identical nucleotide sequence are categorized Into an Identical group based on the determined 
nucleotide sequences. In this Table, when having a same combination of the number for the H chain and the number 
for the L chain, clones comprise an Identical nucleotide sequence. As seen In Table 7, 36 types of distinct clones were 
Isolated. 

Sequencing primers for the heavy chain: fluorescent labeled T7 primer (Aloka) 
35 Sequencing primers for the light chain: fluorescent labeled primer huCHU (SEQ ID NO: 45) 



Table 7 





Clone 


ELISA 


H-chain 


VH1 


KL200 


Germ line 


H-L gene 


The conduct 




No. 


Absorbance 


DNA 


classification 




VL 


combination 


of 


40 






sequence 
ID NO: 








ID NO. 


neutralization 
test 




TETM18 


0.7321 




DPIO(VHI) 


L3BUM6 


31 




0 




TETM40 


0.7185 




DPIO(VHI) 


L3BUM6 


31 




0 


45 


TETM42 


0.6266 




DPIO(VHI) 


L3BUM6 


31 




0 




TETIVI51 


1.1731 




□ PIO(VHI) 


L3BUM6 


31 








TETM53 


1.2410 




DP10{VH1) 


L3BUM6 


31 








TETM57 


1.1961 




DP10{VH1) 


L3BUM6 


31 






50 


TETM61 


1.1833 




DP10{VH1) 


L3BUM6 


31 






TETM63 


1.1912 




DPIO(VHI) 


L3BUM6 


31 








TETM68 


1.1971 




DPIO(VHI) 


L3BUM6 


31 








TETM70 


1.1911 




DPIO(VHI) 


L3BUM6 


31 








TETM72 


1 .2544 




DPIO(VHI) 


L3BUM6 


31 






55 


TETM76 


1.1253 




DPIO(VHI) 


L3BUM6 


31 








TETI\/181 


1.1559 




DPIO(VHI) 


L3BUM6 


31 








TETM84 


0.9991 




DPIO(VHI) 


L3BUM6 


31 
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Table 7 (continued) 



45 



Clone 


ELISA 


H-chain 


VHI 


KL200 


Germ line 


H-L gene 


The conduct 






















sequence 








ID NO. 


neutrailzatlon 






ID NO: 










test 


TETM85 


0.9737 


1 


DPIO(VHI) 


L3BUM6 


31 


1 




TETM24 


0.7613 


1 


DPIO(VHI) 


13b-10b, 


31 


12 


0 










13b-6b 








1 b 1 MU/i 


0.6460 




DPI 0(\/n1 ) 










TETM09 


0.7987 




DPI 0(\/H1) 


13b-12b 


31 






TETM44 


0.4468 




DPI 0(\/H1) 


13b-12b 


31 






TETM93 


0.6824 


2 


DP10(\/H1) 


13b-12b 


31 


4 




TETM14 


0.6707 


2 


DPIO(VHI) 


13b-10b, 


31 


3 


0 










13b-6b 








TETM25 


0.6402 


2 


DPIO(VHI) 


13b-10b, 


31 


3 


0 










13b-6b 








TETM47 


0.5186 


2 


DPIO(VHI) 


13b-10b, 


31 


3 












13b-6b 








TETM48 


0.5222 


2 


DPIO(VHI) 


13b-10b, 


31 


3 












13b-6b 








TETM86 


091^7 




DP1 0(\/H1 ) 


1 3b-1 Ob, 








TETM89 






DP10(VH1) 




31 














13b-10b, 
















13b-6b 








TETM49 


1 .2680 


2 


DP10{\/H1) 


VL 


31 


13 


0 










library 








1 C 1 IVIOh 




.30 1 





Ur\ vn 1 ) 


wi 





14 












lb 

1 rary 








TETM16 


0.6521 


3 


DP10{VH1) 


13b-12b 


31 


2 


0 


TETM22 


0.7705 


3 


DP10(VH1) 


13b-12b 


31 


2 


0 


TETM26 






Ur 1 vn1 ) 










TETM33 


0.7425 


3 


DP10{VH1) 


13b-12b 


31 


2 


0 


TETM43 


0.6578 


3 


DP10{VH1) 


13b-12b 


31 


2 


0 


TETM45 


0.6392 


3 


DP10{VH1) 


13b-12b 


31 


2 


0 


TETM46 


0.6056 


3 


DP10{VH1) 


13b-12b 


31 


2 


0 


TETM55 


1 .2684 


3 


DPIO(VHI) 


13b-12b 


31 


2 




TETM15 


1 .9333 


3 


DP10{VH1) 


L3BUM4 


31 


15 


0 


TETM96 


0.6639 


4 


DPIO(VHI) 


L3BUM6 


31 


16 


0 


TETM73 


1 .0694 


4 


DPIO(VHI) 


13b-10b, 


31 


17 












13b-6b 








TETM80 


1.1280 


4 


DPIO(VHI) 


VL 


31 


7 












library 








TETM83 


0.9669 


4 


DP10(VH1) 


VL 


31 


7 




















TETM03 


0.7537 


4 


DP10{VH1) 


13b-1b 


31 


18 


0 


TETM71 


1.1197 


4 


DPIO(VHI) 


L3BUM1 


31 


19 




TETM19 


0.8051 


5 


DP10(VH1) 


L3BUM6 


31 


8 


0 


TETM92 


0.9295 


5 


DP10(VH1) 


L3BUM6 


31 


8 
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Table 7 (continued) 



5 


Clone 
No. 


ELISA 
Absorbance 


H-chain 

DNA 
sequence 
ID NO: 


VH1 
classification 


KL200 


Germ line 
VL 


H-L gene 
combination 
ID NO. 


The conduct 
of 

neutralization 
test 




TETM12 


0.7983 


5 


DP10{VH1) 


13b-12b 


31 


20 


0 




TETM30 


0.6473 


5 


□ PIO(VHI) 


13b-1b 


31 


21 


o 


10 


TETM28 


0.6622 


5 


DPIO(VHI) 


L3BUM1 


31 


22 


0 




TETM37 
TETM52 
TETM54 


0.6879 
1.1214 
1 .2341 


6 
6 
6 


DPIO(VHI) 
DPIO(VHI) 
DPIO(VHI) 


L3BUM6 
L3BUM6 
L3BUM6 


31 
31 
31 


6 
6 
6 


0 


15 


TETM66 


1 .0685 


6 


DPIO(VHI) 


13b-10b, 
13b-6b 


31 


23 






TETM41 


0.6138 


6 


DPIO(VHI) 


13b-1b 


31 


24 


0 


20 


TETM06 
TETM60 
TETM62 
TETM82 


0.8287 
1 .5267 
1 .2762 
1.2137 


7 
7 
7 


DPIO(VHI) 
DPIO(VHI) 
DPIO(VHI) 
DPIO(VHI) 


L3BUM6 
L3BUM6 
L3BUM6 
L3BUM6 


31 
31 
31 
31 


5 
5 
5 

^ 


0 


25 


TETM08 
TETM75 


0.8469 
0.9548 


8 


DP10(\/H1) 
DPIO(VHI) 


L3BUM6 
L3BUM6 


31 


9 






TETM32 


0.7325 


9 


□ PIO(VHI) 


L3BUM6 


31 


25 


0 




TETM94 


0.8597 


9 


DPIO(VHI) 


13b-12b 


31 


26 




30 


TETM31 


0.7118 


10 


DPIO(VHI) 


L3BUM6 


31 


27 


0 


TETM74 


1.1040 


10 


DP10{VH1) 


VL 
library 


31 


28 






TETM34 
TETM67 


0.6607 
1.2017 


11 
11 


DPIO(VHI) 
DP10{VH1) 


L3BUM6 
L3BUM6 


31 
31 


10 
10 


0 


35 


TETM17 
TETM29 


0.7207 
0.7073 


12 
12 


DPIO(VHI) 
DPIO(VHI) 


L3BUM6 
L3BUM6 


31 
31 


11 
11 


0 
0 




TETM01 


07729 


13 


□ P10{VH1) 


VL 
library 


31 


29 


0 


40 


TETM13 


0.6374 


13 


DP10{VH1) 


13b-10b, 
13b-6b 


31 


30 


0 




TETM21 


0.7280 


14 


DP10{VH1) 


L3BUM6 


31 


31 


0 


45 


TETM56 


1.3910 


15 


DPIO(VHI) 


VL 
library 


31 


32 






TETM58 


1 .3259 


16 


DP77(VH3) 


k6-17b 


DPK15 


33 






TETM69 


0.9722 


17 


□ P10{VH1) 


L3BUM6 


31 


34 




50 


TETM88 


2.1405 


18 


DP14(VH1) 


VL 
library 


DPK9 


35 


0 




TETM91 


1 .2441 


19 


DP75(VH1) 


k1-5.b 


DPK9 


36 





4-10 preparation of Fab-cp3-type antibodies to be used for testing the neutralizing activity 

[0169] It was examined whether the antibodies selected from the antibody library of the present invention by screen- 
ing had the activity of neutralizing tetanus toxin. First, each of the 77 clones exhibiting activity as antibodies was pre- 
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cultured before the antibody expression was induced. The bacterial cells preculture was combined with 2x YT medium 
(YTA) containing 1% glucose and 100 mg/ml ampicillin, and then incubated at 30°C overnight. After the cells were 
further cultured in 0.1% glucose-YTAat 30°Cfor3 hours, 1M IPTG was added thereto. Culture was continued at30°C 
for 20 hours. The culture solution was centrifuged at 1 0,000 rpm for 5 minutes. The culture supernatant was collected 

5 and ammonium sulfate was added thereto at a final concentration of 60%. The mixture was agitated for one hour, and 
then centrifuged at 12,000 rpm for ten minutes. The resulting supernatant was discarded, and the precipitate was 
dissolved with PBS. The resulting solution was dialyzed against a 50 or more volume of PBS for 2 hours. This step 
was repeated three times. Then, the dialysate was transferred into an Eppendorf tube, followed by centrifugation of 
the tube at 1 5,000 rpm for 1 0 minutes at 4°C. After being filtered, the resulting supernatant was tested for the activity 

to of neutralizing tetanus toxin. 

4-11 Examination of the neutralizing activity 

[0170] First, to evaluate the toxicity of antibody itself, 0.2 mi of the antibody solution prepared as described above 
15 was injected into the caudal vein and peritoneal cavity of mice. As the result, the antibody solution had no toxicity, in 
the subsequent experiments, one hour after the antibody was injected, 1 0 times as much dose of tetanus toxin as the 
minimal lethal dose (1 ULD or about 2 LDgg) for mouse was injected subcutaneously in an inside area of thigh of the 
hind legs of mice. As the result, partial neutralization (retarded onset of the symptoms caused by toxin; 4 to 7 days) 
was recognized In about half of the mice injected for testing each antibody. i\^ice, which were subjected to injection of 
20 a neutralizing antibody (standard tetanus antitoxin) or antibody without the neutralizing activity, showed tetanus toxin- 
specific paralysis, and then died in about two days. 

[0171] Clones that exhibited partial neutralizing activity were: TETM1, TETiVI13, TETi\/l26, and TETM96. Thus, the 
above-described findings demonstrate that useful antibodies having the neutralizing activity can be yielded by screen- 
ing the antibody library of the present invention. 

25 

4-12 Sequence determination for the antibody variable region 

[0172] As described above, the present inventors succeeded in preparing phages expressing antibody variable do- 
mains binding to and neutralizing tetanus toxoid (toxin). 
30 [0173] Additionally, phage clones exhibiting similar neutralizing activity but having distinct nucleotide sequences 
were also obtained successfully by repeating the above-mentioned step. Specifically, clones of Nos. TETM13 and 
TETK36 were estimated to have strong neutralizing activity. The nucleotide sequences of the heavy chain and light 
chain of these phage clones, and the amino acid sequences encoded by the nucleotide sequences are shown below 
under the following SEQ ID Nos: 



Clone No. 


Heavy chain 


Light chain 


TETM13 (nucleotide sequence) 


63 


64 


TETM13 (amino acid sequence) 


81 


82 


TETK36 (nucleotide sequence) 


65 


66 


TETK36 (amino acid sequence) 


83 


84 



[Example 5] Comparison of a light chain gene library without selection and the KL200 library 

'^5 [0174] Library performance was compared between the combinatorial library (AIMS3), which had been prepared by 
combining a light chain gene library without selection with a heavy chain, and the combinatorial library (AIMS1 -i-AII\/IS2), 
which had been prepared by combining the light chain gene library KL200 with the heavy chain. 
[0175] Firstly, the comparison showed that the antibody library Aii\/IS1+Aii\/IS2 according to the present invention 
was overwhelmingly superior in the number of clones selected. Clones selected from the light chain gene library 

50 Ail\/IS1+Ail\/IS2, which had been subjected to the selection, are 29 clones whose clone names are indicated in the 
column of "KL200" in Table 7 shown above. On the other hand, 7 clones were selected from AIMSS (clones indicated 
by the label "VL library" in the column of "KL200" in Table 7). Namely, 80% or more (29/36) of the clones selected were 
derived from the library of the present invention, although the combinatorial library had prepared by combining the two 
libraries at a ratio of 1 :1 . Thus, the comparison of the numbers of phage particles obtained by screening demonstrated 

55 that the phage library prepared using KL200 is advantageous. 
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5-2 Comparison of the activities of phage antibodies obtained by screening 



[0176] Then, the selected antibodies were compared to one another with respect to the activity. Ciones confirmed 
to have partial neutralizing activity in the test for the neutralizing activity described in Example 4-11 are the following 

5 four clones: 

TETM1 (AIMS3) 
TETM13 (AIMS1+AIMS2) 
TETM26(AIMS1+AIIVIS2) 
fo TETIVI96(AIIVIS1+AIIVIS2) 

[0177] Specifically, 3 clones were selected from the library of AIMS1+AIIVIS2; 1 clone was selected from the library 
of AIMS3. This ratio is comparable to (29:7) which was the ratio of the number of clones obtained by screening. In 
addition, the three clones selected from the library derived form AIMS1+AII\/IS2 prepared according to the present 
15 invention contained TETM13 which had the strongest neutralizing activity. Thus, it was confirmed that screening of 
phage library prepared using the selected light chain library KL200 can select superior antibody efficiently from the 
aspect of the function. 

[Example 61 Selection of phages binding to a specific antigen from a phage library (part 2) 

20 

[0178] The antibody library of the present Invention was screened using diphtheria toxoid as an antigen. The library 
used In the screening was the same AIMS4 phage library as used In Example 4. This library comprised a mixed solution 
of AIMS3 (a combinatorial library prepared from the light chain gene library without selection and the heavy chain gene 
library) and AIMS1+AIMS2 (a combinatorial library prepared from the light chain gene library with selection and the 
25 heavy chain gene library). 

6-1 Preparation of test tubes to be used in the screening 

[0179] The concentration of the antigen (diphtheria toxoid) was adjusted to 20 ng/ml with PBS. A 3-ml aliquot of the 
30 antigen solution was added to each of three test tubes (IVIaxisorp; Nunc) and Incubated at 4°C for 18 hours to immobilize 
the antigen on the inner surface of the tubes. After antigen immobilization, the antigen solution was discarded, and 3 
ml of PBS containing 2% skimmed milk was added to each tube. The tubes were incubated at 25°C for one hour for 
blocking. 

35 6-2 Screening method 

[0180] A 3-ml aliquot of the same phage library as used in Example 4 (1x iC'^ CPU) In 9 ml of BBS containing 2% 
skimmed milk and 0.1% Tween-20 was added to each of the three antigen-immobilized test tubes. The tubes were 
Incubated at 25°C for 2 hours, and then washed 4 times with PBS containing 0.1% Tween-20, 4 times with PBS and 

40 once sterilized extra pure water (prepared by MIIIIQ). 

[0181] Then, phage particles bound to the antigen-Immobilized test tubes were recovered by the procedure as de- 
scribed below. Specifically, 3 mi of 0.1 M triethylamine (pH 12.3) was added to each test tube and the tubes were 
Incubated while being rotated with a rotator at room temperature for 20 minutes to dissociate the phage particles from 
tube surface. Then, 1.1 ml of 1 M Tris-HCI buffer (pH6.8) was added to the tubes to neutralize the solution. The neu- 

45 tralized phage solutions were collected. 

6-3 Amplification of the collected phages 

[0182] The collected phage solutions were treated by the same procedure as in Example 4-3 and 4-4 as follows: 

50 

(a) the phage was infected to E. co// cells; 

(b) helper phage was infected to E. co// cells; and 

(c) the resulting phage particles were collected. 

55 The washing was carried out by the same procedure as used In the screening in Example 4-4. 
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6-4 Evaluation of phage screening method 

[0183] The nucleotide sequences of the light chains from clones isolated in this experiment, which were confirmed 
to be expressed, were determined to reveal the origins thereof. As the result, 20 clones were derived from 
5 (AIIVlSI+AIIVlSa) ; 16 clones were selected from (AIMS4). 

[0184] Further, it was examined whether these clones contained clones of practical utility having high activity. The 
neutralizing activity of antibody against diphtheria toxin was determined quantitatively by the Cell Culture Method (CCM) 
using culture cells. The CCM method was practiced as follows. 

[0185] The standard antitoxin solution used was prepared by dissolving an ample of domestic standard diphtheria 
'0 antitoxin (Lot. 9) in PBS containing 0.2w/v% gelatine, and adjusting the concentration of the antitoxin to 10 lU/ml with 
3% OS culture medium (containing 1 ,000 ml of purified water containing 9.4 g of Eagle MEM, 0.3 g of L-glutamine, 
200,000 unlts/2 ml of penicillin, 0.1 g (titer)/0.5 ml of streptomycin, 3.0 g of glucose, 30 ml of fetal calf serum, 3 ml of 
1% phenol red, and 20 ml of 7w/v% sodium bicarbonate). 

[0186] The solution of toxin being tested was prepared by dissolving a vial (Lf/vial=2.5; CDsg/vlakl .6x 10^) of dlph- 
15 theria toxin (Lot. M59) In PBS containing 0.2 w/v% gelatine. The concentration of the toxin was adjusted to 1 .6x lO'^ 
CDgg/ml with 3% cs culture medium. The toxin solution was used after being further diluted with 3%cs culture medium. 
The cell used was VERO cell, which was passaged in 7% cs culture medium (1,000mlof purified water containing 9.4 

g of Eagle MEM, 0.3 g of L-glutamlne, 200,000 units/2 ml of penicillin, 0.1 g (tlter)/0.5 ml of streptomycin, 70 ml of fetal 
calf serum, 3 ml of 1% phenol red, and 20 ml of 7 w/v% sodium bicarbonate). 

20 [01 87] Serial dilutions of (25 ^1 each) of test antibody and standard antitoxin were prepared with 3% cs culture medium 
in a 96-well microtiter plate, and then the diphtheria toxin (25 ,ul) prepared as described above was added thereto. The 
plated was incubated at 37°C for 30 minutes, and 50 ,ul of suspension of VERO cell, where the cell density had been 
adjusted to 3x 1 0^ cells/ml with 3% cs culture medium, and 1 00 ,ul of 3%cs culture medium were added thereto. After 
being sealed, the plate was incubated in an incubator at 37°C for 4 days. The endpoint for the standard antitoxin in 

25 this assay system was determined based on the changed color of pH indicator (reference color was orange). The 
antitoxin titer of a test antibody was defined as a value obtained by multiplying the endpoint antitoxin titer by the dilution 
fold corresponding to the endpoint of the test antibody. The endpoint of standard antitoxin in this assay system was 
determined to be 0.0046 lU/ml. 

[0188] According to the result, one of the 43 clones tested by CCM method had the activity (0.0520 lU/ml) of neu- 
30 tralizing diphtheria toxoid (toxin). On the other hand, no clones having activity was isolated from AIMS3 (the light chain 
gene library prepared without selection) . These findings clearly Indicate that the antibody library AIMS1+AIMS2 pre- 
pared according to the present Invention was a high-performance library excellently mimicking the in vivo antibody 
diversity. 

[0189] The present Inventors also Isolated a phage done (DTD1 0) allowing the production of an antibody binding to 
35 and neutralizing diphtheria toxin. The nucleotide sequences of the heavy chain and light chain of the above-mentioned 
phage clone, and the encoded amino acid sequences are shown under the following SEQ ID NOs: 

The nucleotide sequence of heavy chain of DTD1 0/ SEQ ID NO: 61 ; the amino acid sequence/ SEQ ID NO: 79 
The nucleotide sequence of light chain of DTD1 0/ SEQ ID NO: 62; the amino acid sequence/ SEQ ID NO: 80. 

40 

[Example 7] Selection of phages binding to a specific antigen from a phage library (part 3) 

[0190] Theantibody library ofthe present invention was screened using antigens derived from influenza virus. Names 
of Influenza virus strains are abbreviated hereinafter as follows (virus subtypes are shown in parentheses). 
45 



Virus strain name 


Abbreviation 


NH&N Caledonla/20/99 strain (H1 N1) 
A/Sydney/5/97 strain (H3N2) 
A/Okuda/57 strain (H2N2) 
A/Beljlng/262/95 strain (H1N1) 


New Caledonia strain (HI N1 ) 
Sydney strain (H3N2) 
Okuda strain (H2N2) 
Beijing strain (H1N1) 



7-1 Purification of Influenza virus-derived antigen 

55 [0191] An antigen derived from influenza virus was purified by a method known to those skilled in the art as follows. 
A vaccine strain purchased from the National Institute of Infectious Diseases was Inoculated to embryonated hen eggs. 
The eggs were Incubated at 33 to 35°C for 2 days, and then allowed to stand still In a cold room at 4°C overnight. Thus 
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infected chorioallantoic fluid was collected according to a conventional method, and then concentrated by ultra-filtration 
or another commonly used biochemical method. The virus sample was purified by sucrose density gradient centrifu- 
gation. Specifically, the concentrated virus particles were ultra-centrifuged with a sucrose density gradient of 0 to 60% 
at 35,000 rpm. The fraction at a sucrose density of about 40% was collected. The fraction containing virus particles 
5 was treated with ether (ether-inactivated virus) . Then, formalin was added to the fraction. The sample was further 
purified by sucrose density gradient centrifugation to obtain a purified antigen of influenza virus. 

7-2 Isolation of phage antibodies using Beijing strain (H1N1) 

?o 7-2-1 Preparation of test tubes to be used in the screening 

[0192] The antigen of influenza virus extracted from Beijing strain (H1N1) by the procedure as described in Example 
7-1 was dissolved in PBS at a final concentration of 12.5 jig/ml. A4.5-ml aliquot of the antigen solution was added to 
an immuno-tube (Polysorp) , and while being inverted gently the tube was incubated at 4°C for 18 hours or at 25°C 
15 for two hours to immobilize the influenza virus antigen on the inner surface of immuno-tube. After the solution of influ- 
enza virus antigen was discarded, 4.5 ml of PBS containing 2% skimmed milk was added to the tube. To avoid non- 
specific reactions, blocking reaction was carried out by incubating the tube at 4°C for 1 8 hours or at 25°C for one hour. 

7-2-2 Screening method 

20 

[0193] 4.5 ml of a suspension of the AIIVIS4 phage library, which was the same library as used in Example 4, In PBS 
containing 2% skimmed milk was added to the immuno-tube, on which the antigen had been immobilized, prepared 
by the procedure as described above. While being inverted the tube was incubated at 25°C for 2 hours to contact the 
AIMS4 phage library with the influenza virus antigen immobilized in the inner surface of the tube. 
25 [0194] After being contacted as described above, the phage solution was discarded and the tube was washed to 
remove unbound phage particles from the tube. The washing buffer used and the number of washing repetitions are 
indicated in Table 8. 



Table 8 





Washing solution 


Screening 


PBS+T 


PBS 


Distilled water 


1st 


4 




1 


2nd 


6 


6 


1 


3rd 


13 


13 


1 


PBS-hT PBS-h 0.1%Tween 20 



[0195] Then, 4.5ml of 0.1M triethylamine (pH 12.3) was added to the tube, and while being inverted the tube was 
incubated at room temperature for 20 minutes to dissociate the phage particles from the tube. The solution containing 
the dissociated phage particles was transferred into a fresh tube, and immediately 1.1 ml of 1 M Tris-HCI (pH 6.8) was 
added thereto to neutralize the solution. 

7-2-3 Amplification of recovered phage 

[0196] E. coli DH12S cells had precultured until OD at SOOnm reach 0.5. The phage liquid prepared in the above- 
described step was added to 50ml (30 ml in the secondary or subsequent screening) of the suspension of E. coHDHI 2S 
cells (in 2x YT medium). The mixture was incubated at 37°C for one hour while being shaken to infect the phages 
having antigen-binding activity to the E. co// cells. 

[0197] The above-mentioned E. co// solution was diluted as described below; the final volume was 500 ml. (A 3-liter 
flask was used.) 



E. coli solution 


61,25ml 


2xYT 


425ml 


40% glucose 


12.5ml (final concentration: 1%) 


100 mg/ml ampicillin 


0.5ml (final concentration: 100 \ig/m\) 
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[0198] The above-mentioned E. coli diluted solution was further incubated at 37°C for 1 to 2 hours, and the flask 

was allowed to stand at 4°C overnight. 

[0199] The flask stored overnight was again Incubated at 37°C while being shaken. When OD at 600 nm reached 
0.5, the culture solution was transferred into sterilized centrifugal tubes. Then, the tubes were centrifuged at 5,000 rpm 

5 for 1 0 minutes at 4°C to collect the bacterial cells. 

[0200] The collected bacterial cells were suspended in 1 to 2 ml of 2x YT medium. An aliquot of the suspension was 
stored as a glycerol stock (final concentration of glycerol was 20%). 

[0201] The remaining bacterial ceils were suspended in 300 mi (150 mi and 50 ml in the 3rd and 4th screenings, 
respectively) of 2x YT medium containing 100 ^.g/mi ampiciiiin, and then cultured. When OD at 600 nm reached 0.5, 

10 the heiperphageiVI13K07soiution, which corresponded to 1/10 volume of the culture solution, was added to the culture, 
and incubation was continued at 37°C for one hour while being shaken to infect the helper phage. 
[0202] An aliquot of the above-mentioned culture solution was plated on an agar plate containing 2x YT medium to 
estimate the number of helper phage-infected E. co// ceils. Afresh culture medium (900 mi of 2x YT medium containing 
100 ng/mi ampiciiiin and 70 ng/mi kanamycine, which was pre-warmed at 37°C) was added to the remaining culture. 

15 The mixture was incubated while being shaken at 37°C overnight, and then helper phage-infected E. co// ceils were 
selected. 

[0203] After overnight culture, the culture was centrifuged at 7,000 rpm for 10 minutes at 4°C (using sterilized 
1 ,000-ml centrifugal tubes) to precipitate the bacterial cells, and the resulting supernatant was collected. A 20% poly- 
ethylene glycol solution containing 2.5 IVI NaCI, which corresponded to 1/5 volume of the supernatant, was added to 
20 the supernatant. The mixture was allowed to stand still at room temperature for 20 minutes , and then centrifuged at 
8,000 rpm for 15 minutes at 4°C to precipitate and collect the phage particles. 

[0204] The supernatant was discarded carefully not to disturb the pellet, and then the pellet was suspended in ster- 
ilized PBS that corresponded to 1 /1 0 volume of the culture solution. Then, 20% polyethylene glycol solution containing 
2.5M NaCI, which corresponded to 1/5 volume of PBS, was added to the suspension. The resulting mixture was cen- 
25 trifuged at 1 0,000 rpm for 20 minutes at 4°C (using sterilized 200-ml centrifugal tubes) to precipitate phages particles. 
Thus, impurities were removed from the phage sample. PBS containing 0.05% NaNs which corresponded to 1/100 
volume of the culture solution was added to the pellet, and the phage particles were suspended by shaking for about 
two hours using a shaker. 

[0205] The phage sample prepared in the above-mentioned step was further screened twice. However, the screening 
30 yielded only antibodies reactive to NP protein of influenza virus. These antibodies had no activity of neutralizing influ- 
enza virus. 

7-3 isolation of subtype-specific phage antibodies using New Caledonia strain (HI N1) 

35 [0206] The epitopes which influenza-neutralizing antibodies recognize are believed to be present in HA protein on 
the surface of vims particles. HA protein has many sequence variations among virus strains. Thus, virus strain-specific 
antibodies were isolated to obtain neutralizing antibodies. 

7-3-1 Preparation of an antibody library from which anti-NP antibodies have been removed by absorption 

40 

[0207] Ether-treated inactivated virus particles were prepared using Okuda strain (H2N2) of influenza virus according 
to the procedure as described in Example 7-1 .The inactivated virus particles were suspended in PBS at a concentration 
of 20 [xg/ml, and 3-ml aliquots of the suspension were added to each of three reaction tubes. The tubes were incubated 
at 4°C for 18 hours. The suspension was discarded and PBS containing 2% skimmed milk was added to the tubes. 
45 The tubes were incubated for one hour Then, PBS containing AIMS4 library LOT 000614 and 2% skimmed milk was 
added to the three tubes; the titer of the library used was 1x 1 0^'^ CFU/9 mi. The tubes were incubated at room tem- 
perature (25°C) for two hours while being agitated. The library after incubation was used as an MMS4 antibody library 
from which anti-NP antibodies had been removed by absorption. 

50 7-3-2 Screening with antigens of interest derived from New Caledonia strain (HI N1) 

[0208] Formalin-treated inactivated virus particles of New Caledonia strain (HI N1 ) were prepared by the same pro- 
cedure as described above, and suspended in PBS at a concentration of 100 ^.g/ml. 3-ml aliquots of the suspension 
were added to each of three reaction tubes. The tubes were incubated at 4°C for 18 hours. The suspension was 
55 discarded and PBS containing 2% skimmed milk was added to the tubes to prevent non-specific reaction. The tubes 
were incubated for one hour. Then, the Aii\/IS4 library, from which anti-NP antibodies had been removed by absorption, 
prepared in Example 7-3-2 was added to the three tubes. The tubes were incubated at 25°C for two hours while being 
agitated. After incubation, the tubes were washed with PBS; the number of washing repetitions is shown below in Table 
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[0209] After washing, 3 ml of 0.1 M triethylamine (pH 12.3) was added to each tube. The tubes were incubated at 
room temperature for 20 minutes whiie being agitated with a rotator to dissociate phage particies from the antigen. 1 
mi of liVI Tris-HCi (pH6.8) was added to the tubes to neutralize the liquid (recovery of phage particles bound to the 
antigen). E. co//DH12S cells were precultured in 50 ml of 2x YT medium until OD at 600 nm reached 0.5 to 1 .0. Then, 
the antigen-bound phage particles were incubated with the E. co// ceils at 37°C for one hour while being shal<en to 
infect the phage to the bacteria. 

[0210] The recovered phage particles were amplified by the same procedure as described in Example 7-2-3. After 
amplification, anti-NP antibodies were removed by absorption according to the same procedure as described in Ex- 
ample 7-3-1 . The titer of the phage solution was determined as described below. Then, screening was carried out in 
the same way by using the solution of amplified phage particles. The screening step was repeated three times. 

7-3-3 Determination of phage titer 

[021 1] The titer of phage solution to be used in the next round of screening was previously determined by the pro- 
cedure as described below. 
A serial dilution was prepared as follows: 

[1] 1x10-2 dilution: 10 Hi of phage solution + 990^1 of PBS 

[2] 1x 10-+ dilution: 1 0 ^1 of the dilute in [1] + PBS 990n,l 

[3] 1x1 0-6 dilution: 1 0 ^1 of the dilute in [2] + 990 [al of PBS 

[4] 1x1 0-8 dilution: 1 0 ^1 of the dilute in [3] + 990 ^1 of PBS 

[5] 1x 10-10 dilution: 10 ^il of the dilute in [4] + 990 ^1 of PBS 

[6] 1x 10-12 dilution: 10^1 of the dilute in [5] + 990 ^1 of PBS 

[0212] 990 ^,1 of DH12S was combined with each of 10-^1 aliquots of the dilutes prepared in [4], [5], and [6] In the 
serial dilution. The mixtures were incubated at 37°C for one hour for infection, and 1 00-^,1 aliquots thereof were plated 
on LBGA plates, followed by incubation at 30°C for 18 to 24 hours. The resulting colonies grown were counted. 
[0213] When the number of colonies grown was 50 colonies/plate or more, such plates were selected from those 
prepared in [4], [5], and [6]; the colony counts in such plates were adopted as data. 
[0214] A formula for determining the phage titer for the next-round screening (in the case described in [4]) 

Phage titer = (the total number of colonies/plate) x (1 x 1 0^)x 1 0"^ phages/ml 



New Caledonia strain (HI N1) after being absorbed with Okuda strain (H2N2) 


Screening 


The number of washing repetitions 


Input* 


Output** 


1/(lnput/0utput) 


1st 


4 


I.Ox 101+ 


9,1x 108 


1/(1. 1x 106) 


2nd 


8 


4.6X 1013 


1,1X 108 


1/(5.1 X 106) 


3rd 


16 


4.0x 1013 


4.7x 1010 


1/(8.5x 102) 



* From the result obtained in Exampie 7-3-3; unit: (cfu/ml). 
Caicuiated from tt\e number of phage particles prior to amplification, which were recovered In the screening step In Example 8-3-2; unit: (cfu/mi). 



7-4 Method for isolating neutralizing-antibodies specific to the H3N2 subtype 

7-4-1 Screening with antigens of interest derived from Sydney strain (H3N2) 

[0215] Formalin-treated inactivated influenza virus particles of Sydney strain (H3N2) were suspended in PBS at a 
concentration of 100 n,g/ml, and the suspension (4.5 ml per tube) was added to three Nunc Polysorp tubes. The tubes 
were incubated at 4°C for 1 8 hours. The suspension was discarded and PBS containing 2% skimmed milk was added 
to the tubes. The tubes were incubated for one hour for blocking. Then, the AIMS4 library, from which anti-NP antibodies 
had been removed by absorption, prepared in Example 7-3-1 was added to the three tubes. The tubes were incubated 
at room temperature (25°C) for two hours while being agitated using a rotator. 
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[0216] After incubation, the tubes were washed with PBS; the number of washing repetitions is shown below in Table 



[0217] After washing, 3 ml of 0.1 M triethylamine (pH 12.3) was added to each tube. The tubes were incubated at 
room temperature for 20 minutes while being agitated with a rotator to dissociate phage particles from the antigen. 1 
ml of 1 M Tris-HCI (pH6.8) was added to the tubes to neutralize the solution (recovery of phage particles bound to the 
antigen). 

[0218] E. coli DH12S cells were pre-cultured in 50 ml of in 2x YT medium until OD at 600 nm reached 0.5 to 1.0. 
Then, the antigen-bound phage particles were incubated with the E. coliceWs at 37°C for one hour while being shaken 
to infect the phage to the bacterial cells. 

[0219] The recovered phage particles were amplified by the same procedure as described in Example 7-2-3. After 
amplification, anti-NP antibodies were removed by absorption according to the same procedure as described in Ex- 
ample 7-3-1 . After the titer of the phage solution was detemnined by the same method as described in 7-3-3 (Table 
11), then screening was carried out in the same way by using the solution of amplified phage particles. The screening 
step was repeated three times. 

Table 10 



Sydney strain (I-^3N2) after being absorbed with Oi<uda strain (H2N2) 


Screening 


Tine nLimber of washing repetitions 


Input* 


Output* 


1/(input/0utput) 


1st 


4 


1.0X 1014 


1. Ox 109 


1/(1.0x105) 


2nd 


8 


4.0X 10^3 


3.3x107 


1/(1.2x106) 


3rd 


16 


5.6x1013 


2.8x 1010 


1/(2.6x103) 



;p in Example 7-3-2; unit: (cfu/ml). 



7-5 Evaluation of phage antibodies neutralizing influenza virus 
7-5-1 Induction of the expression of Fab-type antibody 

[0220] The present inventors have found that when phage-infected £. coli is cultured for a long period after induction 
of the expression, not phage but the Fab-type antibody is secreted from E. coli into the culture supernatant. 
[0221] E. CO/; cells from the colonies of phage-containing E co/; obtained from the steps in Example 7-2-3, 7-3-3, 
and 7-4-1 were inoculated to 2x YT medium containing 0.1 % glucose and 1 00 ng/ml ampicillin. The bacterial cells were 
cultured at 30°C. When OD at 600 nm reached about 0.5, IPTG was added to the culture at a final concentration of 
ImM, Then, culture was continued at 30°Cfor 18 hours to induce the expression of phage antibodies. 
[0222] A glycerol stock of E. coli was prepared by adding glycerol at a final concentration of 30% to another culture 
prepared by incubating for 18 hours without adding IPTG. 

7-5-2 Confirmation of characteristics of Fab-type antibody by ELISA 

[0223] 1 .5 mi of the cuiture solution, in which the Fab-type antibody had been expressed, prepared in Example 7-5-1 
was placed in a tube, and centrifuged at 10,000 rpm for 5 minutes at 4°C. The resulting culture supernatant was 
collected, and NaNs was added thereto at a final concentration of 0.1 %. The supernatant was used as an ELISA sample. 
[0224] Then, to each well of a 96-well ELISA plate, 1 00 ^i of the antigen was added at the same concentration as 
used in the screening. The plate was incubated at 4°C for 18 hours to immobilize the antigen on the surface of each 
well of the plate. Then, 200 ^1 of PBS containing 2.5% BSA was added to each well, and the plate was incubated at 
4°G for 1 8 hours for blocking. 

[0225] Before the ELISA test was conducted, the blocking solution was discarded and the plate was washed once 
with PBS. 1 00 \i\ of the supernatant of the culture where the induction was carried out in Example 7-5-1 was added to 
each well. After the plate was incubated at 25°C for one hour, the wells were washed 4 times with PBS. After A POD 
(peroxidase)-conjugated anti-human IgG (MBL; Cat. #206 LOT150) was diluted 5,000 times, a 100-^,1 aliquot of the 
solution was added to each well. The plate was incubated at 25°C for one hour (or at 37°C for one hour, while being 
shaken at room temperature at 250 rpm for 30 minutes) . Then, the plate was washed four times with PBS, and 1 00 
\i\ of a substrate solution was added to each well. The substrate solution used was prepared as follows: 1 2ml of HgOg 
was added at a final concentration of 0.01% to 0.1 M citric acid-disodium phosphate (pH 5.1), and then atabletof OPD 
(Wako, Biochemical Grade, Code #158-01 671) was added thereto. After 15 to 30 minutes, the absorbance (OD at 492 
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nm) of each well was measured with a plate reader. 

[0226] According to the result obtained by ELISA, It was revealed that neutralizing antibodies exhibiting strain-specific 
reactivity were 1 clone specific to New Caledonia strain (H1 N1) and 3 clones specific to Sydney strain (H3N2). The 
reactivities of these four clones are Indicated in Table 12. 



Table 11 



10 


Antigen 


New Caledonia strain 

(HIND after being 
absorbed with Okuda 


Sydney strain 
(H3N2) after being 
absorbed with 


15 




suraxn \n.crt^i 


Okuda strain 






(H2N2) 




The number of 


48 


48 




tested colonies 






20 


Having no gene 

deletion * 


37 


29 




ELISA positive 


35 


27 


25 


Specific to strain 
-dependent antigen 


1 


2 



* Having no sequence deletion, according to the result of nucleotide 
sequencing of gene 

30 



Table 12 



Antigen used in 
screening 


Clone No. 


Antigen-immobilized plate 


New Caledonia strain 
(H1N1) 


Okuda strain (H2N2) 


Sydney strain (H3N2) 


New Caledonia strain 
(H1N1) 


NCI 


1.991 


0.052 


0.098 


Sydney strain (H3N2) 


SY39 


0.090 


0,080 


1.612 


Sydney strain (H3N2) 


SY47 


0.080 


0.056 


2.859 


Control Anti-NP 


IF8 


2.966 


2.438 


2.923 


Negative control 




0.090 


0.057 


0.065 



7-5-3 Plasmid purification and sequencing 



50 [0227] E. CO// cells were cultured In 2x YT medium (containing 0.1% glucose and 200 ng/ml amplclllln) overnight, 
and plasmlds were purified from the cells using a DNA extractor (PI-50; Kurabo) according to the supplier's Instruction. 
The purified plasmlds were treated with Rnase, which was added at a final concentration of 20 ^.g/ml, and then treated 
with phenol-chlorofonn. The plasmlds were stored at -20°C or lower temperature. 

[0228] The sequences of antibody genes corresponding to the obtained phage antibodies were determined by se- 
55 quenclng. Sequencing was carried out by the dideoxy method using a DNA sequencer (Aloka; LI -COR4200L (8) -2) ; 
the reagent used was thermo sequence kit (US78500; Amersham Phannacia). 
[0229] The sequencing primers used for the heavy chain and light chain were as follows: 
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heavy chain : T7 Promoter IDR700 dye-labeled promer 50 ^,1 

5 • TAATACgACTCACTATAggg3 ' (20 mer) (SEQ ID NO: 97) 

5 

light chain : custom primer 3'huCHIJ 
IDR800 dye-labeled primer 50 jil 

,P 5 • ATTAATAAgAgCTATCCCgg3 • (20 mer) (SEQ ID NO: 98) 

[0230] The number of clones having no sequence deletion, which was determined by nucleotide sequencing for the 
genes, Is indicated In Table 11 . Genes corresponding to strain-specific clones and amino acid sequences are shown 
in Sequence Listing. 

15 

7-5-4 Neutralization test for influenza virus 

[0231] A suspension of MDCK cells was allquoted into each well of a 96-well flat-bottomed plate (Corning; cat. #3596) 
(approximately IC^ cells/well). The plate was incubated in a COj incubator at 37°C so tliat the bottom surface of each 

20 well couid be covered with a monolayer sheet of celi. On the next day, the respective antibodies to be tested, after 
being diluted 4 times with IVIEIVI culture medium containing 0.2% BSA (fraction V; Sigma Chemical Co.) were added 
to wells of a 96-well round-bottomed plate. 25 ^1 of an influenza virus solution (4x10^ FFU/ml) diluted with IVI EM culture 
medium containing 0.2% BSA was combined with 25 \i\ of the diluted antibody solution or control solution. The mixture 
was incubated at 37°C for 60 minutes. 

25 [0232] 25 ^ii each of the mixed solutions was added to the MDCK cells in wells of the above-mentioned 96-well plate. 
The virus particles were allowed to adhere to the cells by incubating the plate at 37°C for 60 minutes. 
[0233] After this treatment, each well was washed with PBS. lOOjil of MEM culture medium containing 0.5% traga- 
canth gum and 5 \ig/m\ trypsin was added to each well, and then culture was continued at 37°C for 24 hours. 
[0234] After cultivation, each well was washed with PBS. 100% ethanol was added to each well, and then the plate 

30 was incubated at room temperature for 10 minutes. The wells were dried using a hair dryer. After PAP staining, the 
number of focuses was detennined. 

[0235] The neutralizing activity of an antibody was defined as a decrement of the number of focuses relative to that 
without adding any antibody (positive control). 

[0236] As seen below in Table 13, the Fab-type antibodies corresponding to Clone Nos: NCI, SY39, and SY47 
35 exhibited significantly high activity of neutralizing influenza virus. 



Table 13 



Clone No. (Dilution 


New Caledonia strain (H1N1) 


Sydney strain (H3N2) 


fold) 












Virus titer (FFU/well) 


Reduction of focus 


Virus titer (FFU/well) 


Reduction of focus 






count (%) 




count (%) 


NC1(1:1) 


26 


71.3 


ND 




SY39(1:1) 


ND 




3 


94.9 


SY47(1:1) 


ND 




12.5 


78.6 


IF8(1;1) 


71 


21.5 


66 


0 


*AS1 296(1:1 00) 


43.5 


51.9 


1 


98.3 


*C1 79(1:1 00) 


12.5 


98.3 


ND 




*a-AichH3 (1:100) 


ND 




2.5 


95.7 


Positive control 


90.5 


0 


58.5 


0 


FPU: Focus Forming Unit 








ND: Not Done 











* Antibody known to have neutralizing activity 
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Reduction of focus count (%) 

_ (Titer of positive control) — (Titer of sample virus) ^ 
(Titer of positive control) 

(Titer: FFU/well) 
7-5-5 Conclusions concerning tine evaluation 

[0237] As predicted, the antibodies of virus strain-specific phage antibody clones exhibited high activity of neutralizing 
influenza virus. Namely, the clones are: clone NC1 specific to New Caledonia strain (H1 N1) ; clones SY39 and SY47 
specific to Sydney strain (H3N2). The nucleotide sequences of the heavy chain and light chain in these phage clones, 
and the amino acid sequences encoded by the same are shown below under the following SEQ ID NOs: 



Clone No. 


Heavy chain 


Light chain 


NCI (nucleotide sequence) 


67 


68 


NCI (amino acid sequence) 


85 


86 


SY39 (nucleotide sequence) 




70 


SY39 (amino acid sequence) 


87 


88 


SY47 (nucleotide sequence) 


71 


72 


SY47 (amino acid sequence) 




90 



[0238] Because the antibody genes are already available and characterized, when intending to use practically these 
types of antibody variable regions for clinical purposes, one can construct complete immunoglobulin molecules from 
the antibody variable regions or conjugate the regions with an enzyme by a relatively simple method. Furthermore, the 
activity can be improved by introducing artificial mutations. 

[Example 8] Selection of phages binding to a specific antigen from a phage library (part 4) 

[0239] The antibody library of the present invention was screened using antigens derived from varicella-zoster virus 
(VZV). 

8-1 Isolation of phage antibodies reactive to VZV 

8-1 -1 Preparation of test tubes to be used in the screening 

[0240] VZV-infected human embryonic lung cell (HEL) was available from some public organizations. The cells in 
PBS were lysed by sonication. The proteins gE and gH were prepared from the lysate according to the method of 

Shiraki et al. (Shiraki, K., Takahashi, M. J. Gen. Virol. 1982, 61: 271-5). A solution of gH protein whose concentration 
was adjusted to 25 ^ig/ml was used as a VZV antigen solution. A 4.5-ml aliquot of the VZV antigen solution was added 
to an immuno-tube (Maxisorp), and while being inverted gently the tube was incubated at 4°C for 18 hours or at 25°C 
for two hours to immobilize the VZV antigen on the inner surface of immuno-tube. After the VZV antigen solution was 
discarded, 4.5 ml of PBS containing 2% skimmed milk was added to the tube. To avoid non-specific reactions, blocking 
reaction was carried out by incubating the tube at 4°C for 18 hours or at 25°C for one hour. 

8-1-2 Screening method 

[0241] 4.5 ml of a suspension of the AIMS4 phage library in PBS containing 2% skimmed milk was added to the 
immuno-tube, on which the antigen had been immobilized, prepared by the procedure as described above. While being 
Inverted thetubewas Incubated at 25°Cfor2 hours to contact the AIMS4 phage library with theVZV antigen immobilized 
in the inner surface of the tube. 

[0242] After being contacted as described above, the phage solution was discarded and the tube was washed to 
remove unbound phage particles from the tube. The washing buffer used and the number of washing repetitions are 
indicated in Table 1 4. The temn "washing" refers to a series of treatments comprising adding a buffer, inverting the tube 
containing the buffer, and discarding the buffer. 
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Table 14 





Washing 


input 


Output 


In/Out 


istt 


2% skim-PBS 4 times + PBS once 


1.3X1014 


1.4X109 


9.6X104 


2nd 


2% si<im-PBS 5 times + PBS 15 times 


3.1x1013 


9.3X104 


3.3X103 


3rd 


2% sl<im-PBS 5 times + PBS 20 times 


4.6X1013 


3.6x106 


1.3X107 


4th 


2% skim-PBS 5 times + PBS 20 times 


5.0X1013 


2.5X108 


2.0X105 



[0243] TInen, 4.5ml of 0.1 M triethylamine (pH 12.3) was added to the tube, and while being inverted the tube was 
incubated at room temperature for 20 minutes to dissociate the phage particles from the tube. The solution containing 
the dissociated phage particles was transferred into a fresh tube, and immediately 1.1 ml of 1 M Tris-HCI (pH 6.8) was 
added thereto to neutralize the solution. 

[0244] Amplification of recovered phage particles was achieved by the same procedure as described in Example 

7- 2-3, and then the titer of the phage solution after amplification was determined by the same method as described in 
Example 7-3-3. 

[0245] The screening step as described above was repeated three times. 

8- 2 The step of assessing the antigen-binding activity using culture supernatants of E. co// cells by ELISA 

[0246] The antigen-binding activity was assessed by the same ELiSA method as used in Example 7-5-2. The VZV 
antigen was dissolved in PBS to a concentration of 12.5 ixg/mi. A 1 00-,ui aiiquot of the solution was added to each well 
of a 96-well plate, and the plate was incubated at 4°C for 1 8 hours to immobilize the antigen on the surface of each 
well of 96-well plate. Then, 200 ^1 of 2.5% BSA was added to each well and the plate was incubated at 4°C for 18 
hours for blocking. 

[0247] After blocking, the blocking solution of the 96-well plate was discarded. The plate was washed once with PBS, 
and then 1 00 |xl of culture supernatant of phage-lnfected E. co// cells prepared by the same procedure as in Example 
8-5-2 was added to each well. The plated was incubated at 25°C for one hour. The subsequent steps were conducted 
in the same way as in Example 8-5-2. 

[0248] As seen in the Table indicated above, the recovery rate (output) was increased in the screening for the third 
time, and thus 1 2 clones were tested for the activity by ELISA. According to the result, 1 clone exhibited strong activity. 
Then, the fourth screening was carried out and 48 clones were tested by ELISA. The clones were all positive while the 
activities were weak. 



8-3 Comparison of the reactivity between gE and gH, and sequencing 

[0249] Antibodies against sugar chains were predicted to be reactive to other moieties of virus particle, and to have 
low specificity and low neutralizing activity. Thus, ELISA was also carried out for antibodies against gE abundantly 
containing glycoprotein. Thus, antibodies having significant reactivity to gE were excluded based on the result obtained. 
[0250] Based on this criterion, 29 clones having significant reactivity to gH were selected (Table 15), and the nucle- 
otide sequences of the clones were analyzed (sequenced) by the same procedure as described in Example 7-5-3. 
Sequencing revealed 16 types of nucleotide sequences. The culture supernatants of representative clones were col- 
lected and concentrated with saturated ammonium sulfate. After dialysis, the samples were tested for the neutralizing 
activity. 



Table 15 



Type of sequence 


Clone name 


Comparison of binding activity between gH and gE by ELISA 


1 


VZ9 


gH^gE low 


2 


VZ10, VZ34, VZ75 


gH>gE low 


3 


VZ11 


gH»gE 


4 


VZ13, VZ15, VZ19 


gH<gE 


5 


VZ24 


gH>gE low 


6 


VZ36 


gHSgE high 
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Table 15 (continued) 



Type of sequence 


Clone name 


Comparison of binding activity between gH and gE by ELISA 


7 


VZ49, VZ66 


gH=gE 


8 


VZ6Q, VZ76 


gH>gE low 


9 


VZ64, VZ33, VZ58 


gHagE 


10 


VZ68 


gH<gE 


11 


VZ77 


gH>gE low 


12 


VZ85 


gH<gE 


13 


VZ86, VZ96 


gHggE low 


14 


VZ89,VZ80,VZ81 


gH=gE iow 


15 


l/Z94,VZ62 


gH>gE low 


16 


VZ10Q 


gHsgE 


17 


VZ102 


gH>gE low 


Underline: clone tested for neutralizing activity; 
Bold italic: clone found to have strong neutralizing activity. 



8-4 Neutralization test of obtained antibodies for VZV virus 

25 8-4-1 Preparation of cell-free varicella-zoster virus (VZV Oka strain) to be used in the test 

[0251] When approximately 50% of human embryonic lung cells (HEL) being cultured showed alterations specific 
to infected cells (CPE: cytopathic effect), the cells were harvested using PBS containing EDTA (0.04to 0.1%) (without 
trypsin) and centrifuged at a low speed. The cells harvested were suspended in SPGC storage (sterilized PBS con- 
so taining 5% sucrose, 0.1% sodium glutaminate and 10% fetal calf serum). 

[0252] The cells were lysed by sonlcatlon or f reeze-and-thaw plus sonlcatlon to release the virus particles. The lysate 
was centrifuged at 3,000 rpm for 10 minutes, and the resulting supernatant was used as a virus solution, which was 
stored at -85°C. Using an aliquot of the solution, the titer (infectivity) was detennined with HEL cells. Specifically, the 
virus solution was diluted appropriately with SPGC storage, and a 0.2-ml aliquot of the dilute was scattered onto HEL 
35 cells that had been placed in a 6-cm dish to inoculate the virus to the cells. The inoculation was achieved as follows: 
the virus solution was being scattered repeatedly back and forth equally onto the HEL cells for one hour so that the 
cells could be covered with the virus solution and the cell surface was not dried. After inoculation, culture medium was 
added to the dish, and the dish was incubated for 4 to 6 days. Then, the culture medium was removed. The cells were 
fixed with 5% formalin according to a standard method, and stained with methylene blue; the number of plaques was 
40 determined under a stereoscopic microscope. The number of plaques in a unit volume (PFU/ml) was taken as an index 
(titer) of infectious virus. 

8-4-2 Neutralizing activity test 

45 [0253] The virus solution prepared as described above was diluted to 1 00 PFU/0.1 ml with SPGC storage. A 0.3-ml 
aliquot of the diluted virus solution was combined with 0.3ml of an antibody solution that had been diluted 10 times 
with SPGC. The mixture was incubated at 37°C for one hour. A 0.2-ml aliquot of the mixture was scattered onto HEL 
cells that had been placed in a 6-cm dish to inoculate the virus to the cells. The inoculation was achieved as follows: 
the virus liquid was being scattered repeatedly back and forth equally onto the HEL cells for one hour so that the cells 

50 could be covered with the virus solution and the cell surface was not dried. 

[0254] After inoculation, 5 mi of culture medium was added to the dish, and the dish was incubated for 4 to 6 days. 
Then, the culture medium was removed. The cells were fixed with 5% formalin according to a standard method, and 
stained with methylene blue; the number of plaques was determined under a stereoscopic microscope. 
[0255] The neutralizing activity of an antibody toward virus assessed by comparing the number of plaques formed 

55 in the absence of antibody (PBS alone) as a control with that in the presence of antibody (i.e., the number of plaques 
is decreased in the presence of a neutralizing antibody) . As seen below in Table 1 6, the clones of Nos.1 0, 24, and 94 
had strong neutralizing activity. 
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Table 15 



Antibody 
clone name 


The number of plaques in 
neutralization test 


Neutralizing 
activity 


1st test 


2nd test 


3rd 


4 th 


Control 
(PBS) 


42 


46, 


48, 


50, 




VZ9 


* 








' 


VZIO 


0 


0 






+++ 


VZll 


30 


25 






+- 


VZ13 


47 


48 






- 


VZ24 


0 


0 






+++ 


VZ35 


14 


15 






+ 


VZ49 


40 


43 






- 


VZ60 


15 


9 






+ 


VZ64 


41 


42 






- 


VZ77 


36 










VZ8 6 


46 


50 








VZ89 


32 


33 






+- 


VZ94 


1 


2 






++ 


VZlOO 


29 


28 






+- 


VZ102 


19 


24 






+- 



Neutralizing activity: Very strong, +++; Strong, +t; 

Detectable, +; Unassignable, +-; None, - 
*: incapable measurement because of contamination of microorganism. 



8-4-3 Conclusions concerning the neutralization test 

[0256] According to tlie present invention, three phage clones were obtained, which strongly suppressed plaque 
formation, i.e., clones VZ10, VZ24, and VZ94. The nucleotide sequences of the heavy chain and light chain in the 
phage clones, and the amino acid sequences encoded by the same are shown below under the following SEQ ID NOs: 



Clone No. 


Heavy chain 


Light chain 


VZ10 (nucleotide sequence) 


73 


74 


VZ10 (amino acid sequence) 


91 


92 


VZ24 (nucleotide sequence) 


75 


76 


VZ24 (amino acid sequence) 


93 


94 


VZ94 (nucleotide sequence) 


77 


78 


VZ94 (amino acid sequence) 


95 


96 



[0257] The nucleotide sequences of the clones are different from one another Thus, when used practically for clinical 
purposes, the neutralizing activities can be synergistic. Because the antibody genes are already available and char- 
acterized, when intending to practically use these antibody variable domains, one can construct complete immunoglob- 
ulin molecules containing the constant domains from the antibody variable domains or conjugate the domains with an 
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enzyme by a relatively simple method. 

Industrial Applicability 

5 [0258] Ttie present invention provided an antibody library which contains antibody molecules having functionally 
active conformation at a high rate, or a library of genes encoding the same. Firstly, the preparation of the gene library 
of the present invention comprises selecting genes encoding the light chain variable region capable of forming func- 
tionally active confomnation in combination with the heavy chain variable domain. The gene library of the present 
invention constructed by combining the resulting light chain variable region genes selected with the heavy chain variable 

to region genes can mimic the antibody repertoire comprising functionally active antibodies. The antibody library of the 
present invention constructed v/a the step of selecting functional antibody molecules can be assumed to mimic, in vitro, 
the in vivo antibody repertoire. 

[0259] An antibody library containing functionally active antibodies at a high rate can be prepared based on the gene 
library of the present invention. Functionally active antibodies can be isolated efficiently by screening such an antibody 
15 library. In preparing antibody libraries known to those skilled in the art, the major interest had been in only increasing 
the number of antibody variations in such libraries. However, the present inventors focused on the quality of antibodies 
constituting such libraries and then established a means of improving the quality in the present invention. Thus, the 
present invention provides an entirely different viewpoint on the in vitro construction of antibody libraries and method 
for screening antibodies. 

20 [0260] The heavy chain diversity can be used to full advantage in antibody libraries prepared according to the present 
invention. This advantage is not confined to allowing to mimic the in v/Vo antibody diversity in vitro. Based on the present 
invention, for example, a method for introducing artificial mutations, such as error-prone PGR, can be used to full 
advantage. Specifically, in the present invention, theoretically, the heavy chain variations due to the introduced muta- 
tions fully contribute to the antibody variations. Because the light chain which allows the re-holding of a functionally 

25 active antibody in combination with the heavy chain, are selected according to the present invention. It contrasts with 
that, in a previous library known to those skilled in the art, when the light chain does not allow the formation of a 
functionally active antibody molecule, no antibody activity is detectable in spite of the presence of effective mutation 
in the heavy chain and thus screening may results in failure. 

30 

Claims 

1. A method for preparing a gene library comprising combinations of light chain variable region genes and heavy 
chain variable region genes of immunoglobulin, the method comprising: 

(a) selecting light chain variable region genes encoding light chain molecules capable of re-holding functionally 
active conformation with an expression product of the heavy chain variable region genes; 

(b) constructing a gene library which is a collection of the light chain variable region genes obtainable in step 
(a); and 

40 (c) combining the library obtainable in step (b) with a library of genes encoding the heavy chain variable regions. 

2. The method according to claim 1 , wherein libraries of heavy chain variable region genes which have been prepared 
separately for each VH family In step (c) are combined together in accordance with the in vivo ratio of the respective 
\IV\ families. 



3. The method according to claim 1 , wherein the gene libraries in step (c) are combined in a single vector 

4. The method according to claim 1 , wherein the method further comprises the following step: 

50 (d) selecting clones expressing the heavy chains using, as an index, a labeled peptide fused with the heavy 

chain variable regions. 

5. A gene library that is obtainable by the method according to claim 1 . 

55 6. A gene library comprising at least genes encoding light chain variable regions of immunoglobulin, wherein genes 
encoding light chain variable regions incapable of re-holding functionally active conformations with immunoglobulin 
heavy chain variable regions have been substantially eliminated from the gene library. 



51 



EP 1 264 885 A1 



7. The library according to claim 6, wherein the library has been combined with a library of genes encoding the heavy 

chain variable region. 

8. The library according to claim 7, wherein each VH-family gene library for heavy chain variable region contains 

5 clones enough to cover in vivo diversity. 

9. The library according to claim 6, wherein the genes constituting the library have been introduced into a host cell 
selected from the group consisting of bacterium, yeast, and plant cell. 

?o 10. The library according to claim 6, wherein the genes constituting the library have been introduced into mammalian 
cells. 

11. The library according to claim 6, wherein at least a part of the genes constituting the library has been introduced 
into filamentous phages. 

15 

12. The library according to claim 11 , wherein fragments of the heavy chain variable region and light chain variable 
region encoded by the genes constituting the library are displayed on the surface of filamentous phages and re- 
hoid a functionally active conformation. 

20 1 3. The library according to claim 1 2, wherein a gene encoding a labeled peptide has been fused with the heavy chain 

variable region. 

14. The library according to claim 6, wherein the immunoglobulin light chain variable region gene is derived from 

human. 

25 

15. The library according to claim 14, wherein an immunoglobulin light chain hypervariable region comprises an amino 
acid sequence without cysteine residue. 

16. A rgdp library, wherein each clone constituting the gene library according to claim 5 includes an antibody protein 
30 encoded by the gene in the clone. 

17. An antibody library that comprises antibody proteins encoded by the genes in the respective clones constituting 
the gene library according to claim 5. 

35 18. A method for selecting genes encoding light chain variable region capable of re-holding functionally active confor- 
mation with the heavy chain variable region, the method comprising: 

(a) obtaining one or more genes encoding the light chain variable region; 

(b) obtaining a gene encoding the immunoglobulin heavy chain variable region, wherein it is confirmed that 
40 the heavy chain variable region re-holds functionally active conformation with the light chain variable region: 

(c) selecting arbitrary one of the genes encoding light chain variable regions obtained in step (a), and translating 
the selected gene into a protein under a condition ensuring the re-holding of functionally active conformation 
of immunoglobulin with the heavy chain variable region encoded by the gene which has been obtained in step 
(b); 

45 (d) detecting the formation of an antigen-binding moiety in the protein translated in step (c); and 

(e) selecting a gene encoding the light chain variable region constituting the protein in which the formation of 
an antigen-binding moiety has been detected. 

19. The method according to claim 1 8, wherein the method further comprises the following step: 

50 

(f) determining the nucleotide sequences of the light chain variable region genes, comparing the amino acid 
sequences encoded by the nucleotide sequences with each other, and eliminating genes encoding identical 
amino acid sequences and genes encoding deleted amino acid sequences. 

55 20. The method according to claim 18, which comprises expressing the light chain variable region of immunoglobulin 
on the surface of filamentous phage. 



The method according to claim 18, which comprises using, as a sample containing the light chain to be used in 
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step (c) , the culture supernatant of a host microorganism infected with phagemid into which a gene encoding the 
light chain variable region of immunoglobulin and a gene encoding the heavy chain variable region have been 
inserted. 

5 22. A method for detecting an immunoglobulin variable region that binds to a particular antigen, the method comprising: 

(a) contacting the antigen with the library according to claim 5 or 7 orwith an expression product of the library 
under a suitable condition for antigen-antibody reaction: and 

(b) detecting the binding between the antigen and the immunoglobulin variable region. 

10 

23. The method according to claim 22, wherein the library Is the library according to claim 12. 

24. A method for Isolating a Immunoglobulin variable region that binds to a particular antigen, the method further 
comprising carrying out the following step after practicing the method according to claim 22: 

15 

(c) selecting a clone expressing the immunoglobulin variable region which binds to the above-mentioned an- 
tigen. 

25. The method according to claim 24, wherein the method further comprises the following steps: 

20 

(d) preparing a secondary library by amplifying phage clones selected In step (c); and 

(e) repeating steps (a) to (d) for the secondary library until the recovery rate of clones selected In step (c) Is 
elevated. 

25 26. A clone or immunoglobulin fragment isolated by the method according to claim 24, or a gene encoding the same. 

27. A polynucleotide comprising any one of the nucleotide sequences of SEQ ID NOs: 61 to 78. 

28. A protein comprising any one of the amino acid sequences of SEQ ID NOs: 79 to 96. 

30 

29. A kit for preparing an antibody library, the kit comprising the following: 

(a) a light chain variable region gene library from which genes encoding light chain variable regions Incapable 
of re-holding functionally active conformation with heavy chain variable regions have been substantially ellm- 

35 mated; and 

(b) a set of primers with which the genes encoding the heavy chain variable region can be amplified. 

30. A method for preparing an antibody library, the method comprising: 

40 (a) introducing a gene encoding a region containing at least a variable region of immunoglobulin into phagemid; 

(b) infecting a host microorganism with the phagemid obtained In step (a); and 

(c) recovering, as an antibody library, the culture supernatant of the host microorganism of step (b) without 
infecting helper phage. 
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Fig. 3 

MGCTTGCATGCAAATTCTATTTCAAGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGA 

TTGTTATTACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAAG 

CCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAACATTAAAGACACCTATATGCACTGGGTG 

AAGCAGAGGCCTGAAAAGGGTCTAGAATTCCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCTGGTTA 

TGATTACGGCAACOTGACTACTGGGGCCAAGGCACCACGGTCACCGTCTCGAGCGCCTCCACCAAGGGCCC 

ATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGGCTGGTC^ 

GGACTAOTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCC 

GGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCAGCTTC^ 

CCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATC 

TTGTCATCACCATCATCACCATTAATAAGAGCTATCCCGGGAGCTTGCATGCAAATTCTATTTCAAGGAGAC 

AGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGC 

CACTAGTGACATCGAGCTCACCCAGTCICCAGCCTCCCTTTCTGCGTCTGTGGGAGAAACTGTCACCATCAC 

ATGTCGAGCAAGTGGGAATATTCACAATTATmGCATGGTACCAAGCTCGAGATCAAACGGGCTGATGCTG 

CACCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCGTGTGCTTCT 

TGAACAGCTTCTACCCCAAAGACATCAATGTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCC 

TGAACAGTTGGACTGArCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACCAAGG 

ACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACATCAACTTCACCCATTGTCAAGA 

GCTTCAACAGGAATGAGTGTTCGGCGCGCCAGTCGACTCCATTCGTTTGTGAATATCAAGGCCAATCGTCTG 

ACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCXCTCTGAGGGTGGTG 

GCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCT^^ 

ATTmAmTGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTAC 

AGTCAGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTW 

ACGTTTCCGGCCTTGCTAATGGTAATGGTGCTACTGGmTTTTGCTGGCTCTAATTCCC^ 

TCGGTGACGGmTAATTCACCTTTAATCyATAAmCCGTCAATATTTACCTTCCCTCCC^ 

AATGTCGCCCTTTTGTCTTOGOTTGGTAAACCATATGAATTTTCTATOATTGTGACAAAATAAACm^ 

TCCGTGGTGTCTTTGCGTTTCTTTTATATGTTGCCACCrmTGTATGTATTTO 

TGCGTAATAAGGAGTCTTAATCATGCCAGTTCmTGGGTGCTAGCTGTCGACTGCGCAACAC^ 

GTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTATGAGATCmCATTTACCTAACTTAAACGAA 

GAACAACGAAACGCCTTCATCCAAAGmAAAAGATGACCCAAGCCAAAGCGCTAACCTTTTAGCAGAAGCT 

AAAAAGCTAAATGATGCTCAGGCGCCGAAAGTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTAT 

GAGATCTTACATTTACCTAACTTAAACGAAGAACAACGAJy^CGCCTTCATCCAAAGTTTAAAAGATGACCCA 

AGCCAAAGCGCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATGATGCTCAGGCGCCGAAAGTAGACGCGAAT 

TAGCTGGGAATTAATTC 
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Fig . 4 



MKYLLPTAAAG 
MGCTTGCATGCAAATTCTATTTCMGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGA 

Hindlll 

LLLLAAQPAMAQVQLQQSGAELVK 
TTGTTATTACTCGCTGCCCAACCAGCGAIGGCCCAGGTGCAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAAG 

PstI 

PGASVKLSCTASGFNIKDTYMHWV 
CCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAACATTAAAGACACCTATATGCACTGGGTG 



K Q R P E K G LTSEDTAVYYCAGY 

AAGCAGAGGCCTGAAAAGGGTCTAGMTTCCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCTGGTTA 
Xbal EcoRl 

DYGNFDYWGQGTTVTVSSASTKGP 
TGATTACGGCAACTTTGACTACTGGGGCCAAGGCACCACGGTCACCGT CTCGAG CGCCTCCACCAAG66CCC 
Bstn Xhol 

SVFPLAPSSKSTSGGTAALGCLVK 
ATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAA 



DYFPEPVT VSWNSGALTSGVHTFP 
GGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCC 



AVLQSSGLY3L3SVVTVPSSSLGT 
GGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCAGCTTGGGCAC 



QTYICNVNHKPSNTKVDKKVEPKS 
CCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATC 



C H H H H H H * * 
TTGTCATCACCATCATCACCATTAATAAGAGCTATCCCGGGAGCTTGCATGCAAATTCTATTTCAAGGAGAC 
Smal 

MKYLLPTAAAGLLLLAAQPAMA 
AGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGCGGCCCAGC CGGCCATGGC 

Sfil Ncal 

TSDIELTQSPASLSASVGETVTIT 
C ACTAGT GACATC GAGCTCA CCCAGTCTCCAGCCTCCCTTTCTGCGTCTGTGGGAGAAACTGTCACaATCAC 
Spel Sad 

CRASGNIHNYLA KLEIKRADAA 

ATGTCGAGCAAGTGGGAATATTCACAATTATTTAGCAT GGTACCA AG CTCGAGA TCAAACGGGCTGATGCTG 
Kpnl Khol 
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Fig. 5 



PTVSIFPPSSEQLTSGGASVVCFL 
CACCMCTGTATCCMCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCGTGTGCTTCT 



NSFYPKDINVKWKIDGSERQNGVL 
TGAACAGCTTCTACCCCAAAGACATCAATGTCAAGTGGMGATTGATGGCAGTGAACGACAAAATGGCGTCC 

NSW-TDQDSKDSTYSMSSTLTLTKD 
TGAACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACCAAGG 

EYERHNSYTCEATHKTSrSPIVKS 
ACGAGTATGAACGACATAACAGCTATACCTSTGAGGCCACTCACAAGACATCAACTTCACCCATTGICAAGA 

FNRNECSARQSTPFVCEYQGQSSD 
GCTTCAACAGGAATGAGTGTTC GGCGCGCC A GTCGACT CCATTCGTTTGTGAATATCAAGGCCAATCGTCTG 
AscI Sail 

LPQPPVNAGGGSGGGSGGGSEGGG 
ACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGAGGGTGGTG 

SEGGGSEGGGSEGGGSGGGSGSGD 
GCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCCGGTG 

FDYEKMANANKGAMTENADENALQ 
ATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTAC 

SDAKGKLDSVATDYGAAIDGFIGD 
AGTCAGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTG 

VSGLANGNGATGDFAGSNSQMAQV 
ACGTTTCCGGCCTTGCTAATGGTAATGGTGCTACTGGTGATTTTGCTGGCTCTAATTCCCAAATGGCTCAAG 

GDGDNSPL.MNN FRQYLPSLPQSVE 
TCGGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCGGTTG 

CRPFVFGAGKPYEFSIDCDKINLF 
AATGTCGCCCTTTTGTCTTTGGCGCTGGTAAACCATATGAATTTTCTATTGATTGTGACAAAATAAACTTAT 

RGVFAFLLYVATFMYVFSTFANIL 
TCCGTGGTGTCTTTGCGTTTCTTTTATATGTTGCCACCTTTATGTATGTATTTTCTACGTTTGCTAACATAC 

RHKES* STAQHDEA 
TGCGTAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGT 6CTAGC T GTCGACT GCGCAACACGAT6AAGCC 

Whel Sail 

VDNKFHKEQQNAFYEILHLPNLNE 
GTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTATGAGATCTTACATTTACCTAACTTAAACGAA 

EQRNAFIQSLKDDPSQSANLLAEA 
GAACAACGAAACGCCTTCATCCAAAGTTTAAAAGATGACCCAAGCCAAAGCGCrAACCTTTTAGCAGAAGCT 

KKLNDAQAPKVDNKFNKEQQNAFY 
AAAAAGCTAAATGATGCTCAGGCGCCGAAAGTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTAT 
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EILHLPNLNEEQRNAFIQSLKDDP 
GAGATCTTACATTTACCTMCTTAMCGMGMCAACGAMCGCCTTCATCCMAGTTTAAMGATGACCCA 

SQSANLLAEAKKLNDAQAPKVDAN 
AGCCAAAGCGCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATGATGCTCAGGCGCCGAAAGTAGACGCGAAT 



TAGCTGGGAATTAATTC 
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Fig, 7 

AAGCTTGCATGCAAATTCTATTTCMGGAGACAGTCATAATGAMTACCTATTGCCTACGGCAGCCGCTGGA 

1TGTTATTACTCGCGGCCCAGCCGGCCATGGCCCAGGTGCAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAAG 

CCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCnCAACATTAAAGACACCTATATGCACTGK 

AAGCAGAGGCCTGAAAAGGGTCTAGAATTCCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCTGGTTA 

TGATTACGGCAACTTTGACTACTGGGGCCAAGGCACCACGGTCACCGTCTCCTCAGGCGGTGGCGGATCAGG 

TGGCGGTGGAAGTGGCGGTGGTGGGTCTACTAGTGACATCGAGCTCACCCAGTCTCCAGCCTCCCTTTCTGC 

GTCTGTGGGAGAAACTGTCACCATCACATGTCGAGCAAGTGGGAATATTCACAATTATTTAGCATGGTACCA 

GCAGAAACCAGGGAAATCTCCTCAGCTCCTGGTCTATA.\TGCAAAAACCTTAGCAGATGGTGTGCCATCAAG 

GTTCAGTGGCAGTGGATCCGGAACACAATATTCTCTCAAGATCAACAGCCTGCAGCCTGAAGATTTTGGGAG 

mmCTGTCAACATTTTTGGAGTACTCCGTGGACGTTCGGTGGAGGTACCAAGCTCGAGTCGACTCOT 

CGmTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTC 

TGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGG 

CGGTTCCGGTGGTGGCTCTGGTTCCGGTGATTTTGAmTGAAAAGATGGCAAACGCTAATAAGGGGGCTAT 

GACCGAAAATGCCGATGAAAACGCGCTACAGTCAGACGCTAAAGGCAAACTTGATTCTGTCG^^ 

CGGTGCTGCTATCGATGGmCATTGGTGACGTTTCCGGCCTOCTAATGGTAATGGTO 

TGCTGGCTCTAATTCCCAAATGGCTCAAGTCGGmCGGTGATAAmCCm 

ATATmCCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTTTTGTCTTTGGCGCTGGTAAAC 

TTCTAmTTGTGACAAAATAAACmTTCCGTGGTGTCTTTGCGTTTC^ 

GTATGTATmCTACGTTOCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTC^ 

AGCTGTCGACTGCGCAACACGATGAAGCCGTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTATG 

AGATCmCATTTACCTAACTTAAACGAAGAACAACGAAACGCCTTCATCCAAAGTTTAAAAGATGACCCAA 

GCCAAAGCGCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATGATGCTCAGGCGCCGAAAGTAGACAACAAAT 

GAGATCmCATTTACCTAACTTAAACGAAGAACAACGAAACGCCTTCATCCAAAGTTTAAAAGATGACCCA 

TCAACAAAGAACAACAAAACGCGTTCTATAGCCAAAGCGCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATG 

ATGCTCAGGCGCCGAAAGTAGACGCGAATTAGCTGGGAATTAATTC 
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Fig . 8 



AftGCTTGCATGCAAATTCTATTTCMGGAGACAGTCATMTGAMTACCTATTGCCTACGGCA^^ 
Hindlll 

LLLLAAQPAMAQVQLQQS6AELVK 
TTGTTAmCTCGCGGWCAGCCGGCgiTGGCCCAGGTGCAGCTGC^ 
Sfil Ncol Bstl 

PGASVKLSCTASGFNIKDTYMHWV 
CCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAACATTAAAGACACCTATATGCACTGGGTG 



K Q R P E K G LTSEDTAVYYCAGY 

AAGCAGAGGCCTGAAAASGGTCTAGAAaTCCCTGACATCTGAGGACACTG^ 
Xbal EcoRl 

DYGHPDYWGQGTTVTVSSGGGGS6 
TGAmCGGCAACTTTGACTACTGGGGCCAAGGCACCACGGTCACCGTCTC 

BstPI 

GGGSGGGGSTSDIELTQSPASLSA 
TGGCGGTGGAAGTGGCGGTGGTGGGTCTACTACTGACATCGAGCTCACCCAGTCTCCAG^ 
Spel Sad 

SVGETVTITCRASGNIHNYLAWYQ 
GTCTGTGGGAGAAACTGTCACCATCACATGTCGAGCAAGTGGGAATATTCACAATTATTTAGCATGGTACCA 

Kpnl 

QKPGKSPQLLVYNAKTLADGVPSR 
GCAGAAACCAGGGAAATCTCCTCAGCTCCTGGTCTATAATGCAAAAACCTTAGCAGATGGTGTGCCiTC^ 



FSGSGSGTQYSLKINSLQPBDFGS 
GTTCAGTGGCAGTGGS^GGAACACAATATTCTCTCAAGATCAACAGCCTGCAGCCTGAAGATT^ 
BasoBL 

YYCOHFWSTPWTFGGGTKIESTPF 
TTATTACTGTCAACATTTTTGGAGTACTCCGTGGACGTTCGGTGG AGGTACCA AG CTCGAGTCGAC TCCATT 

Kpnl Xhol Sail 

VCEYQGQSSDLPQPPVNAGGGSGG 
CGTTTGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGG 

GSGGGSEGGGSEGGGSEGGGSEGG 
TGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGG 

GSGGGSGSGDFDYEKMANANKGAM 
CGGTTCCGGT6GTGGCTCT6GTTCCGGT6ATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTAT 

TENADENALQSDAKGKLDSVATDY 
GACCGAAAATGCCGATGAAAACGCGCTACAGTCAGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTA 



61 



EP 1 264 885 A1 



Fig . 9 

I G A A I D G F I GDVSGLANGNGATGDF 
CGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTMTGGTAATGGTGCTACTGGTGATTT 

AGSNSQMAQVGDGDNSPLMNNFRQ 
TGCTGGCTCTAATTCCCAAATGGCTCAAGTCGGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCA 

YLPSLPQSVECRPFVFGAGKPYEF 
ATATmCCTTCCCTCCCTCAATCGGmAATGTCGCCCTTTOTCTTrGGCGCra 

SIDCDKINLFRGVFAFLLYVATFM 
TTCTAmTTGTGACAAAATAAACTTATTCCGTGGTGTCmCGmTTmTATGTTGC^^^^ 

YVFSTFANILRNKES* 
GTATGTATmCTACGTTTGCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTC 

Hhel 

STAQHDEAVDNKFNKEQQNAFYE 
AGC TGTCGACm CAACACGATGAA6CCGTAGACAACAAATTCAACAAAGAACAA(^ 
Jail 

ILHLPNLNEEQRNAFIQSLKDDPS 
AGATCmCATTTACCTAACTTAAACGAAGAACAACGAAACGCCTTCATCCAAAGTTTAm 

QSANLLAEAKKLNDAQAPKVDNKF 
GCCAAAGCGCTAACCmTAGCAGAAGCTAAAAAGCTAAATGATGCTCAGGCGCCGAAAGTAGACM 

NKEQQNAFYEILHLPNLNEEQRNA 
GAGATCTTACATTTACCTAACTTAAACGAAGAACAACGAAACGCCTTCATCCAAAGTTTA^ 

FIQSLKDDPSOSANLLAEAKKLND 
TCAACAAAGAACAACAAAACGCGTTCTAIAGCCAAAGCGCTAACCTTmGCAGAAGCTAAAAAGC™ 

A Q A P K V D A N * 
ATGCTCAGGCGCCGAAAGTAGACGCGAATTA6CTGG6AATTAATTC 
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INTERNATIONAL SEARCH REPORT 



PCT/JPOl/01298 



le (Continnation of item 1 of first sheet) 



This international seaicli report has not been established in respect of certain claims under Article 1 7(2Xa) for the following rei 
1. Q CleimsNos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. 13 aaimsNos.: 5-17,26,29 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

Although the statement in the description is taking into consideration, 
it is linknown what are involved and what are not involved in the scopes of 
"library", "clone", "immunoglobulin fragment" and "gene" as described in 
the above claimB . Namely, theae olaima are described in an extremely unclear 
manner. It is therefore impossible to practice any meaningful international 
search on these claims. 

3. □ Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of invention is lacfcliig (ContlnnaHon of item 2 of flrst sheet) 



This Intematiamil Searching Authority found multiple inveotions in this international application, as follows: 



1. Q As all requuredadditiond search fees were timely pdd by the applicant, this imeinatianalseartih report 

2. AsaUseaidi>bleclaimscouIdbesearchedwitiK)ute&rtjustifyinganadditionalfee,thisAulhoritydidnothivitepa^ 
of any addiQonalfee. 

3. Q As only some ofthe required additional search fees were tiinely paid by the appUcant, this international search r^ort 

only those claims for which fees were paid, specifically claims Nos.: 



Q No required additional search fees were timely paid by the applicant Consequently, this international 
search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.; 



Remark on Protest □ The additional srarch fees were accnmpanied bj 
I 1 No protest accompaaied the payrr.en'. of additior 
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